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AA’«‘ro em])loy<M] ;is folJctws 


Dr. (J. de P. Oottkr 

7 )r. . 1 . CouaiN Brown 
Mr. 11 . (J. Jones 


]?(‘iiv»H] fjoin .service from tlie 28 t]i 
Any list, 

On lesive prepaiatory to refiromeut. 
Herir(i<i from .service from l.lie 25tli June, 

\\m. 


Dr. a. M. Heron (friuited livive out of India on average 

])ii,v lor () moiii.iis; availed him.solf of 
t.he same wifli cfTeot from the 27th 
Miiicii, 1933, from tlie fi<dd, and re¬ 
turned from leave and re.siimed duty 
on tlio 22nd September, 1933. Ap 
pointed to oflieiate as Director from 
the .^tli October to the 22nd Decem])or, 
193.3, ami placed in charge of tho 
Northern Circle after that period, 
llemaiiiod at headquarters. 
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Dr. C. S. Fox 


Mu. E. L. G. Clegq 


Mr. H. Crookshank 


Superintendents —('outd. 

. Jieturiied from the field on the 30th 

March, 1933. Placed in charge 
of the Southern Circle till the 26th 

March, 1933, and thereafter in charge 

of the Northern Circle till the 22nd 

December, 1933. Deputed from the 
30th October to the 2Gth November, 
1933, to examine the site selected for 
the construction of a dam on the Bha- 
vani river in the Coimbatore district, 
and to investigate the occurrences of 
the laterite in South India. Left for 
Assam on the 18th December, 1933, 
and placed in charge of the Southern 
Circle. 

. Continued in charge of the Burma Circle. 
Ecturned from field work in the Mogok 
area to Rangoon on the ICth May, 
1933. Proceeded to Taikkyi on the 
20th May, 1933, in connection with the 
geological examination of the Gyobyu 
and Nyaunglebin Lakes Scheme, and 
returned to Rangoon on the 22nd May, 
1933. Continued the largo scale geo¬ 
logical survey of the Mogok Stone Tract 
and loft for the field on the 2nd Nov¬ 
ember, 1933. 

Assistant Superintendents. 

. Returned from the field on the 16th May, 
1933. Appointed to officiate as 
Superintendent from the 27th March to 
the 21st September, 1933, and 
again from the 6th October to the 
22nd December, 1933. Placed in 
charge of the Southern Circle till the 
22nd December, 1933, and left for 
the field in the Central Provinces on 
the 10th November, 1933. 
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Assistant Superintendents —contd. 

Mr. G. V. Hobson . On leave preparatory to retirement. 

Rao Bahadur M. 

ViNAYAK Rao . . Retired from service from the 14th Feb¬ 

ruary, 1933. 

Mr. E. J. Bradshaw Rfiturned from field work in Assam on 

the 12th March, 1933. Attached to 
the Burma Circle and assumed charge 
of the duties of the Resident Geologist 
and Oflicial Member, Yenangyaung and 
Singu Oilfield Advisory Boards at Ye¬ 
nangyaung on the 20th March, 1933. 

Dr. a. L. CtJULSON Remained at headquarters in charge of 

Office as Assistant Director. 

IIIr. D. N. Wadia Remained at headquarters as Paleont¬ 

ologist. Granted leave on average pay 
from the 11th to the 22ud December, 
1933, with permission to affix the 
Christmas holklays. 

Dr. J. a. Dujsn . Ucturned from the field on the 17th May, 

1933. Attached to the Southern 
Circle and left for the field in Bihar and 
Orissa on the 23rd October, 1933. 

Mr. C. T. Barber Continued as Resident Geologist at Ye¬ 
nangyaung till the 13tii March, 1933. 
Granted leave on average pay for 8 
months combined with leave on half 
average pay for 20 months, prepar¬ 
atory to retirement, from the 17th 
March, 1933. 
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Assistant Superintendents —coiitd. 

Mr. E. R. Gee . . Reiiiriieci from the field on the 14th Juno, 

1933. Attached to the Noithoiu 
Circle and left for the Suit Range, 
Punjab, on the 6th October, 1933. 

Mr. W. 1), West Continued to act as Curator of the Geo¬ 

logical Museum and Laboratory till the 
20th April, 1933. Grante<l leave out 
of India on average pay for 6 months 
and 23 days from the 21st April, 1933. 
Returned from leave and resumed duty 
on the 11th November, 1933. At¬ 

tached to the Southern and Northern 
Ciniles for work in the Central Provinces 
and the Himalaya respectively and 
loft for held work in the Nagpur 
district on the 27tb Deccimber, 1933. 

Dr. M. S. Krisijnae Retuiiied from tlie lioki on the 19tl) 

April, 1933. Appointed Curator of the 
Geological Mu,seum and Laboratory 
from the 2l8t April, 1933. 

Mr. P, Leicester Retired from service from the 7tli May, 

1933. 

Dr. S. K, Chattekjek Retired from service from the 30th 

August, 1933. 

Mr. J* B. AuDiiN . Returned from the field on the 9th May, 

1933. Granted leave on average pay 
for 6 months and 8 days combined with 
study leave for 1 month and 10 days 
from the Slst May, 1933. Attached to 
the Northern Circle for continuing his 
work in the Outer Himalayas on return 
from leave. 
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Gamnil Repi/rlfor 1933, 

Ansfistaht Superinlotidents —coucld. 

Mb. V. P. SoNiJHi . (jiaiited leave ou average pay from ilie 

12th to the 3Jst January and from the 
5th to tlie 20th February, 193J, from 
the lioid in the South(U'ji Shan tSiates. 
J)e]>ute(l to exainuie the Gvobyii ar.d 
Nyaunglebiu Lakes yeheine of tin; Ran¬ 
goon (Jorporation from the 5th to the 
22nd May, 1933. Returned to tlie field 
on the 28th May, 1933, and airived 
Imelc in Rangoon lor recess on the 
dth July, 1933. Attached to the 
Burma Circ-lc to continue his ^vol'l^ in 
the vSoLithcrn 8haii States and hdt for 
the field on the 3r<l November, 1933. 

Mr. B. B. (.lUt’i’A . Retired from s^uvice from the 1st Novem¬ 
ber, 1933. 


Super) Hh'iidi'tiJs. 


l)u. 11. L. CnuinnKii 


to anted (extension of leave! out of India 
on half average pay fo)’ 2 months and 
14 days and leave without allowanec 
for 12 days in eontinuation of study 
leave for 7 months, from the 2nd March, 
1033. 


Uu. V. K. Gnosii 


ll<duined from the Held on the TtJi .Vpril, 
1933. Attaclicd to the Southern (Jircle for 
work in the Central Provinces ami left 
for the Hold on, the I7th November, 
1933. 


Dr. M. R. Saiini 


Returned to Rangoon for recess o?i the 
13th June, 1933. Attached to the 
Burma Circle to continue his work in 
the Northern Shan States and loft lor 
the hold on tho 3rd November, 1933. 
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Extra Assistant Superintendents —contd. 

Mb, P. Bhattacharji . Returned from the field on the 2nd May, 

1933. Granted leave on average pay 
for 1 month and 10 days from the 13th 
November, 1933, with permission to 
ajfix the Christmas holidays. At¬ 
tached to the Southern Circle to 
continue his work in the Bhandara dis¬ 
trict. 

Mk. B. C. Gupta Returned from the field on the 3rd May, 

1933. Attached to the Northern 
Circle for work in Bombay Presidency 
and loft for the field on the 20th 

November, 1933, 

Mb. 11. M. Lahiri Returned from the field on the 4th May, 

1933. Attached to the Northern Circle 
to continue his work in the Hoshiarpur 
and Kangra districts and left for the 
field on the 8th November, 1933. 

pR. L. A. Narayana 

Iyer Returned from the field to, Rangoon for 

recess on the 8th May, 1933. Granted 
leave on average pay from the 12th 

May to the 4th June, 1933. Attached 
to the Burma Circle to continue his 
work in the Mogok Stone Tract and 

left for the field on the 6th November, 
1933. 

Mr. P. N. Mukerjee Returned from the field on the 3rd May, 

1933. Granted leave on average pay 
from the 12th to the 31st July, 1933. 
Attached to the Northern Circle for 
work in Bombay Presidency and left 

for the field on the 14th November, 
1933. 
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General Report for 1933. 

Extra AssistarU Superintendents —conoid. 

Dr. a. K. DE5f . Kctiirnecl from the field on the 12th April, 

1933, again left for the field on the 3i*d 
May and returned on the 24th May, 
1933. Attached to the Southern 
Circle and left for the field in Bihar and 
Orissa on the 20th November, 1933. 

Mr. Austin M. N. 

Ghosh . . lletuined from the field on the 19th April, 

1933. Coiiiirnied in the grade of Extra 
Assistant Superintendent from the 
15th March, 1933. Attached to the 
Northern and Southern Circles for work 
in the Punjab Salt Range and in Assam 
respectively, and loft for the field on 
the 21st October, 1933. Returned 
from the Punjab on the 31st December, 
1933. 


Artist. 

Mr. K. E. Watkinson . On leave preparatory to retirement. 


Assistant Curator. 

P. C. Rov At headquarters. Granted leave on 

average pay from the 4th January to 
the 4th March, 1933. 


Field Collectors. 

N. K. N. Aiyenoar At headquarters. Granted leave on 

average pay from the 3rd May to the 
21st June, 1933. Attached to the 
Northern Circle and left for the field 
on the 31st Deoember, 1933. 
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A. B. Dnn 


Mahadeo Ham 


]J. Gupta . 


iVl. S. Vknkatiiam 


Field Collecto) t> —contd. 

. At Koadqiiartcrs. Promoted to tiro 
j)oat of Piold Colloolor on inobatioii 
for one year from the J5th March, 
1033. Granl(id leuv(s on avorago j)^y 
from the Lst to tloj 31st May, 1933, 
Attuchoil to the Southern Circle for 
work under Br. J. A. Dunn in Bihar 
and Orissa ujid left for tlio field on the 
25th October, i93:k 


A6i:>isi(tn( V/tcnu'^l. 

At headquarters. Granted leave on 
average pay fj'ojii tho lOtli to the 30th 
April, 1933. 

Museum AssisiunIs. 

At lieadquartejs. Grunted leave on 
average ])ay from tho Stli November 
to the 22ud December, 1933, witli per¬ 
mission to affix the Christmas holidays. 

Appointed as Museum ilLssistant substant¬ 
ively on ])robation for one year from 
the loth March, 1933. Granted leave 
on average j^ay from tho 5th to tho 
31st October, 1933, with permission to 
prefix the Puja holidays. At head¬ 
quarters. 


Temponuy Museum Assislanl. 

V. Bhaskara IIao . Ap]Jointed as Temporary Museum Assist¬ 
ant from the 3rd July, 1933, subject 
to the production of a medical cert¬ 
ificate of health. 

2. The cadre of the Department consisted of 3 Superintendents 
and 10 Assistant Supenntendcoits. 
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3. Dr. A. M. Heron officiated an Director from tlio 5tL. (October 
to the 22nd December, 1933, vice Dr. L. L. Fermor on leave. 

Mr. H. Crookshank oHiciated as Su])erinteudent from the 27th 
March to the 21st Sept<(mber, 1933, vice. Dr. A. M. Heron on leave, 

and again from the 5th October to the 22nd 

pollnments."' ^933, cicr Dr. A. M. Heron offic¬ 

iating as Din'ctoj’. 

Mr. W. D. W(\st acted as Curator of the Geological Museum and 
Laboratory up to the 20th April, 1933, and thereafter Dr. M. 8. 
Krishnan. 

Mr. A. M. IS\ Ghosh was cunlirnual in th(5 grade of E.\tra Assistant 
Superintendent with eft’eet from the 15th March, 1933. 

■1. Dr. G. do r. (.^otter, Superintend(uit, re- 
tiixul from the seiviee v^dth etfcct from the 28th 


itctircinciif. 


August, 1933. 

Mr. 11. C. Joue's, Suj)crintendent, retired from the scuvice with 
ett'ect from the 25th June, 1933. 

Eao Bahadur M. Viiiayak Kao, Assistant Superintendent, re.tired 
from the servite with eJIect from the 11th February, 1933. 

Mr. B. Ja’icester, Assistant Supeiinteruhuit. retired from the 
service with eltect from the 7lh May, 1933. 

Dr. S. K. Chatterjei!, Assi.stant Superintendent, retired from Hkj 
service with eflcct fi'om the 30th August, 1933. 

Mr. B. B. Gupta, Assistant Su[ierintendeut, retired from t}u‘ 
service with ofioct from the 1st ISovembej', 1933. 

5. Dr. L. .L. Fermor was granted comluncd leave out of India 
for two months and nineteen days with effect from the 5th October, 

1933, with permission to prefix the Puja holi- 
days and to affix the Christmas holidays. 

Dr. A. M. Heron was granted leave out of India on average pay 
for six months with effect Irom the 27th March, 1933. 

Mr. D. N. Wadia was granted leave on average pay for tw^elve 
days vith eliett from the IJth Dcccmbei, 1933, with pei mission to 
affix the Christmas holidays. 

Mr. C. T. Barbo’ was granted combined leave for twm years and 
four months with effect from the 17th March, 1933. 

Mr. W. D. West was granted leave out of India on average pay 
for six months and twenty-three days with effect from the 21st 

April, 1933. 
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Mr. J. B. Auden was granted combined leave for seven months 
and eighteen days with effect from the 31st May, 1933. 

Mr. V. P. Sondhi was granted leave on average pay for twenty 

days with effect from the 12th January, 1933, and again for sixteen 

days with effect from the 5th February, 1933. 

Dr. H. L. Chhibber was granted extension of leave out of India 

on half average pay for tw'o montlis and fourteen days and leave with¬ 
out allowance for twelve days in continuation of study leave for 
seven months with effect from the 2nd March, 1933. 

Mr. D. Bhattacharji was granted leave on average jjay for one 
month and ten days with effect from the 13th November, 1933, with 
permission to affix the Christmas holidays. 

Dr. L. A. Narayana Iyer was granted leave on average pay for 
twenty-nine days with effect from the 12th May, 1933. 

Mr. P. N. Mukcrjee was granted leave on average pay for twenty- 
one days with effect from the 12th July, 1933. 

LRCTURHSHIP. 

6. Mr. W. D. West continued to act as a part-time Professor of 
(J oology at the Presidency College, Calcutta, up to the 20th April, 
1933, thereafter Dr. M. S. Krishnan from the 24th July, 1933. 

POPULAR LRCTURES. 

7. Two popular lectures were given during the year by Mr. A. M. 
N. (jrhosh, arising out of his work with Dr. C. A. Matley on the dino¬ 
saurs near Jubbulpore. The first was ‘ On the making of Jubbul- 
pore ’ and was delivered before the Central Provinces and Berar 
Geographical Association, Jubbulpore: the second was on ‘ Some 
Prehistoric Reptiles of India ’, and was delivered before the Bengal 
Women’s Education League, Calcutta. 

PUBLICATIONS. 

8. The following publications wore issued during the year under 
report;— 

1. Records, Vol. LXVI, Part 4. 

2. Records, Vol. LXVIl, Part 1. 

3. Records, Vol. LXVIl, Part 2. 

4. Records, Vol. LXVIl, Part 3. 
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6. Memoirs, Vol. XVIII, Part 1 (Reprint). 

6. Memoirs, Vol. XXI, Part 2 (Reprint). 

7. Memoirs, Vol. XXI, Part 4 (Reprint). 

8. Memoirs, Vol. LV, Part 2. 

9. Memoirs, Vol. LXII, Part 1. 

10. Memoirs, Vol. LXII, Part 2. 

11. Memoirs, Vol. LXTII, Part 1. 

12. Memoirs, Vol. LXIV, Part 1. 

13. Pateontologia Indica, New Scries, Vol. IX, Memoir No. 2, 

Part VI. 

14. Palaeontologia Indica, New Series, Vol. XXI, Memoir No. 1. 

15. Palaeontologia Indica, Now Scries, Vol. XXII, Memoir No. 1. 


LIBRARY. 

9. The additions to the library amounted to 3,278 volumes, of 
which 1,055 were acquii*ed by purcihaso aud 2,223 by presentation 
and exchange. 


DRAWING OFFICE. 

10. The Artist, Mr. K. F. Watkinson, was on leave preparatory 
to retirement, and Mr. S. Ray held charge of the Drawing Office 
throughout the year. 

11. During the year, 135 half-tone and line blocks were prepared 
for plates of the Records, Memoirs and Palooontologia Indica and 

80 plates were printed off. 65 drawings’ and 
62 line blocks for text figures, wore also pre¬ 
pared. 

The number of geologically coloured originals received from 
ofl&cers totalled 165, while 2,449 topographical sheets were received 
from the Director, Map PubHcation, Survey of India, and 655 were 
issued for departmental use. 

12. This department was fully occupied with copying, developing 
and printing work for publications and reports. The number of 

Photographic Section, 239, white 

1,634 photographic prmts were made. 

Bd(Rtion, 105 lantern slides were prepared. 
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MUSEUM AND LABORATORY. 


13. ]\rr. \V. D. West continued us Curutor of the Geological 
Museum uuil Laboratory till the 20th April, 1933, when ho pro- 
(joeded on leave and was replaced by Dr. M. S. Krishnan. 

Babu Puma Chandra Roy, Assistant Curator, was on leave from 
Ihe Ith January to the 4th March. Babus Dasarathi Gupta and 

Anil Bhusan Butt continued as Museum Assist¬ 
ants, but the latter was promoted to the post 
of Field Collector from the 15th March. M. R. Ry. M. S. Venkatram 
continued to work as temporary Museum Assistant until 15th March, 
when ho was a])pointod substantively ince Babu Anil Bhusan Diitt 
])romoted to the Field Collector’s grade. M. R. Ry. V. Bhaskara 
Rao was appointed as temporary Museum Assistant from the 3rd 
July. 

14. The Department is Jlo^r without a Chemist, though there has 
been no diminution in the amount of work in the laboratory, follow- 

. ing the reduction in the personnel carried out 

LriidtiiCfll Work 

recently as a measure of retrenchment. As a 
result, a considerable atnount of analytical Aroih lias had to bo done 
by the Assistant Curator, at the co.sl. of interference with his routine 
duties in the Laboratory and Museum. In addition, a limited 
number of analyses have been made abroad. The need for a chemist 
is, in fact, very keenly felt, and it is hoped that Government will 
take up the question of appointing one at a very early date. 

15. The transfer of the charge of the field instruments from the 
Artist to the Curator has necessitated a considerable amount of 


. labour on the part of both Mr. West and Dr. 

Instruments. i i i ■ 

Krishnan, in rearranging and renumbering. 

The work of the Curator has steatlily been increasing during the last 

few years, so that at j)resent his time is fully occujiiod with the routine 

duties connected with the post, leaving him no time for chemical 

work to reduce the inconvenience earned by the loss of our Chemist. 

16. During the year, the number of apeinmens referred to the 
Curator for examination and report was 530, and assays, quanti- 
. tativo analyses or other special determinations 

Determinative work. i ^ ^ mi t 

were made of 50 of these, .rhe corresponding 
figures for 1932 were 385 and 44 respectively. The quantitative work 
included assays of ores of copper, silver, gold, chromium, iron and 
vanadium, and analyses of bauxite, cement slags, limestone, doleiitc 
and coal and special tests of clays, sands and ochres. 


Determinative work. 



Part 1 .] 


Genial Report for 1933, 


]5 


17. Presentations of Indian rocks and minerals 
iiHons*ctc"^ made to llie following institutions during 

the year under review:— 

1. The Sedgwiok Museum, Cambridge, England, through Dr. 

A. Harker. 

2. The Secondary Training College, Bombay. 

;}, The Dopartniont of Chemistry, Aligarh University. 

1. The private school of Mrs. S. A. Sarabhai, Sahibag, Ahmed- 
al)ad. 

5, The Forest Museum, llinoo, Eanchi. 

0. The East Indian Eailway High English School, Asansol. 

7. Tlio Baidyashnstra Pith, Calcutta. 

8. Tlio Geological Survey of Tanganyika, Dodoma, East Africa. 

9. The Bengal Engin(joring College, Sibpur, Howrah. 

10. The Paipur Mus<‘um, llaipur. Central Provinces. 

11. The Department of Ajiplied Chemistry, University College 

of Science, Calcutta. 

12. The School of Higher Commercial Studies, Montreal, Canada. 

In two cases among the above (Nos. 1 and 12), the specimens 
were supplied at a iiomuial charge, in addition, the following 
specific representations Avere made : — 

1. Beryl crystals, to Bergassessor Dr. E. Kohl, Preuss. Geolog. 

Land('sanstalt, Berlin. 

2. Beryl (nystals from various Indian occurrences, to Lord 

Rayleigh, London. 

3. Volcanic ash, to Messrs. Francois Cementation Co., Ltd., 

Poona. 

4. Corundum crystals, to W. H. Bates, Esq., Burn & Co.’s 

Pottery Works, Raniganj. 

5. Specimens of Jaterite, to Prof. Ileirnann Harassowitz, Uni¬ 

versity of Giessen, Germany. 

6. Samples of Indian coal, to Prof. J. W. Cobb, University of 

Leeds, England. 

7. Samples of Indian coal, to the Low Temperature Carbon¬ 

isation, Ltd., London, England. 

8. Specimens of lignitic coal, to Sir C. V. Raman, Indian 

Association for the Cultivation of Science, Calcutta. 

9. Specimens of coal, to A. K. Banerji, Esq., Bengal Engineer¬ 

ing Collogo, Sibpore. 
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18. The oflScors of tho Beiiartment collected, as usual, a largo 
number of specimens in the course of their work. Among these 

particular mention may bo made of a fine beryl 

Additions to collect- crystal measuring ten inches along tho vertical 
Jons of the Depart- . n • i i , . , . „ 

ment. ^iid eight inches across, and weighing 48 lbs., 

collected by Dr. P. K. Ghosh from the L. N. 

mica mine, Nelloro ; and stalactites of rock-salt from the salt mines 

at Khewra and Warcha, Punjab, by Dr. L. L. Fermor. In addition, 

the following Indian specimens were received and incorporated in 

the collections of the Geological Survey of India:— 

1. Bofractory bricks (firebrick, chrome, magnesite, lisil and 

claysil), presented by Messrs. Burn & Co. 

2. Allanite from Kurinjakulam, Tinnevelly district, Madras, 

presented by Mr. V. S. Sambasiva Iyer. 

3. Vanadiferous iron-ore, from Dalina Hill, Singhbhum, presented 

by the Bihar Mining Corporation. 

4. Beryl froni Vadesamudra near Bangalore, presented by 

the Mysore Geological Department. 

6. Silica brick converted into tridymito, presented by Dr, E. 

Spencer. 

6. Ornamental objects made of salt, from Kalabagh, Punjab, 

presented by Mr. E. B. Geo. 

7. Transparent barytes, from Balpalapallo mine, Kuniool dis¬ 

trict, Madras, jiresented by M. B. By. B. P. Sesha Beddy 

Garu. 

8. Fuchsite-quartzite from Easwarahalli, Kadur district, My¬ 

sore, presented through tho Hon’ble the Political Bes- 

ident in Mysore. 

9. Sheared coal from Sisnori Khola, Nepal, presented by 

Mr. H. M. Sale. 

10. Alunogen from Cuddapah district, Madras, presented by 

the Director of Industries, Madras. 

11. Graphite from Pedakonda, East Godavari district, presented 

by the Collector of East Godavari. 

A fine collection of geodie minerals, zeolites and calcite mostly, 
from the Deccan trap at Bombay, was purchased from Mr. 
J. Bibeiro, and added to the collections. Tho following foreign 
specimens wore also acquired:— 

1. Cassiterite from Mwirasando tin-field, Uganda, presented by 

Miss J. H. Bobertson. 
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2. Quartz crystal from Tibet, presented by Mr. J. Van Manen, 

3. Tourmaline crystal from Tibet, j)resented by Mr. Dhanbir 

Singh Kliattri. 

■1. liight specimens, consisting of manganese-ore, associated 
sandstone and the underlying decomposed granite, from 
Nicopol, Republic of Georgia, U. 8. 8. Fi., by exchange 
with Professor Loewinson-Li'ssing, Leningrad. 

5. Maliichite from Kanibovo min(\ Belgian (Vmgo, and chryso- 
tile asbestos from Gaths min<\ Mashaba, 8outhcrn Rho¬ 
desia, from th(^ ])i-ivafe collections of the late Sir Henry 
Hayden, tlirongli the courtesy of Mr. A. A. Vlasto. 


in. In Hie Laboratoiy of the llangoon ofhee Mr, L. R. Sharma 

continiKul his duties as 01iemi<ad Assistant to the Burma Oinde. Up 

„ . to the end of October, 193)1, 78 spcaamens wore 

Rangoon Office. . ^ j i • t, 04 

received and leportod upon, out ot wnicn 34 

were quantitatively determined. The specimens <‘.xamined included 

a. variety of rocks from Mogok, sands and clays from the I’egu Yomas, 

liuK'stones, Icad-oi’es and reputed gohl-ores from the Shan States and 

reputed gold-ores from tire Katha district. 


PETROLOGY. 

20. As a. result of a, liasty visit to I^ivagad Hill in 1905 whilst 
e.xainining I lie manganesi'.-ore deposits of tlm I’ancli MaJials, I con- 

Pavasad liill, Paiich <r'f>ided a paper on the lavas constituting this 
Malials, lioiiibay Pres- hill, di'scriliing them in agreciiuint with the 

view that tliis block, first visited by W. T. 
Blanford, was an ()utli(^r of the Deccan Trap formation.' Some two 
or three years ago, howi'vi^r, the view was advanced tJiat ibis hill 
marlcs the site of a volcano of the central ty])e and that the summit 
rhyolite is the core marking thi^ (suitral vent of the volcano.^ 
.Vcc.ordingl}’^ I asked Dr. Heron specially to re-examine. Pavagad 
Hill wdth this possibility in view, wdion an opportunity should arise 
in the course of his itLspi^ction duties. 

Accordingly, besides examining the rocks of the ChampanPr 
series (see page 2.5) in North Bombay, Dr. Heron also re-examined 

* Kec . Geol . 6 ' vrv . Ind ,, XX>^1V. pp. 14S-ir.C, (Iflfiti). 

“ This view has found cxpressiori in a paper ty Mi. V. S. Diihey read before the Inditin 
Science ConprofiB at P<)ona this January (1934). and also in rrofeseor K. K. Mathru’s 
Presidential Address to the geological section of the Congress. 
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Pavagad Hill. Dr. Heron reports tliat Pavagad Hill is an outlier 
of Deocan trap, cx 2 )osing a thickness ol over two thousand feet of 
basalt Hows, resting on a platform of ‘ Nimar sandstone ’ (Bagh 
bods), which in its turn lies uncoidormably on Ai'avalli (foriniu-ly 
called ‘ Cliiunpaner series ’) pliyllitos. TJie basalts and tj;e sandstone 
liavo a gentb; northeily inclination, so that the sandstone appears 
only at the soutliern base. The l.'asalts <ire capped by a single How 
of iliyohte, whi(;h is consiLhaably thicker than any of the basalts. 
Th(j abundant blocks oi rhyolit(j, often of great size, which strew the 
gentler sloptw, are all derived from this, the only rhyolite. Its base 
is well exposed, resting horizontally upon a few feet of soft, eaiHiy 
red I'ock, which may (dther be tuH, or ‘ moorum ’ (decompostid 
^rap) representing an old land-surface. This has in places been 
caved Iroin below the rhyolite, exposixig tlie liorizontal base of tJie 
latl<ir for some feet in, and proving that it is not a plug. Down- 
wartls this jcd rock passtjs into more cohenmt, but still soft, gretni 
rock. Additional proois are in the hoiizontal Iluxion structure, and 
the vintical jointing ol the rhyolite, whicii starts from botJi iij)pcr and 
lower sinlaces, and tlivides tlie How into lude vortical monoliths. 
This jointing is not continuous from top to bottom, but 
leave,s a ccmtaal portion in which the jointing is sparser and less 
regular. The position of the rhyolite, resting on a much more easily 
eroded laycsr, has made it liable to denudation, but it is extremely 
resistant against decomposition. Tire hard angular blocks strewing 
the bases of tin* hill show a little differential erosion of the Iluxion 
layers, but the jock is very resistant to atmospheric weathering, and 
it is the joints, aJid not the Huxion Ia.}^ejs, along which it bjcaks uji. 
The presenet*. of the ihyolite is the factor which has preserved this 
isolated outlier from removal. 


PAL/EONTOLOOY. 

21. IVlr. D. iSh Warlia acted as Palaeontologist throughout the year. 
N. K. hi. Aiyeugar, Field Collector, assisted tho Palaeontologist 
in routine Museum work and in the determination of specimens. 
When he was on h'ave these duties w^ere attended to by M. y. 
V^enkatram, Museum Assistant, in addition to other routine w'ork. A. 
B. Dutt, Field Collectoi*, completed the cleaning, relabelling and 
rearranging of the Klipstein collection in the Invertebrate Fossil 
Gallery. 
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22. During 193;i tho following mcmoii-s have Ixjori published in 
th<5 Palaconloh^ia Indica:--- 

(1) L. P. Spatli : ‘Revision of the Jurassic Oc»])haloj)od Fauna 
of Kac.eh’, Part- VI of Memoir Ko. 2, Vol. IX of the 
Now Seiies. 


(2) F. JiaroM Von lluouii and 0. A. Matley ; ‘The Cretaceous 

Sfuirisoliia and Oi'nilhsiihia of ilio Central Provinces of India*, 
Memoir No. 1, Vol. XXI of the New Stnies. 

(3) E. \j. (t. Clegg: ‘ K<;hin(ndea of the Ponsuiij Gulf*. Memoir 

No. J, Voi. XXII of the New Scries. 

The following papers of paheoutological interest hav'o appeared 
pi the Rr ‘ord-'i : 


(1) ‘ St.ratigJiiphie Signili<;an(;e of tlio Fiisulinids of the Lower 

Ih-oduelus Limestone of the Salt Range’, by Carl O. 
Dunbar (Vol. LXVl, Pt. 4). 

(2) ‘ D(((Ioj-jjlon zaJesskyi^ a new sp<uaes of Cordaib^in Tre(!s 

from tile Lower Gondwanaa of India’, by B. Sahni 
(Vol. J.XVT, Pt. 4). 

(3) ■ A Fossil I’euta.locular Fruit from I’oiulicherry, South India’, 

by JL Sahni (Vol. LXVI, Pt. 1). 

(1) ‘ Anthraeolithie Faunas of tho Southern Shan States’, by 
F. Ji. Cowper Rood (Vol. LXVII, Pt. J). 


d’lie following ])apm’s of ])alaiontological interest are in tho Press 
and are expectctl to be published ni 1934. 


Rahuvntologia Indica. 

(1) 1j. F. Spath: ‘ The Jurassic and Cretaceous Ammonites 

aiul Behnnnites of tho Attock District’, Memoir No. 4, 
Vol. XX of tlie New Series. 

(2) LL R. Cowper Ro(id : ‘ Cambrian and Ordovician Fossils 

from Kashmir’, Memoir No. 2, Vol. XXI of the Now 
Series. 


23. Some mammalian bones, collecttxl from a coal seam in the 
Kathmandu valley, Nepal, were sent to this Department by the 

British Envo}' at tho Court of Nopal, for 


Vertebrates. 


examination. The collection, though frag¬ 


mentary, included one bovid horn-core and a largo limb-bone. The 
horn-core was despatched for examination to Dr. G. E. Pilgrim, who 
IS Jiow engaged in the revision of the Indian Cavicornia fauna. 
Tho large limb-bone, which was suspected to bo a humerus of 

o 2 
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Bahichithciiiim, a giant rhinocoius of Oligoconc-Mio(5one ago, was too 
iniporfoctly prosorvcri for dofinito iclontifioation. ]lo\v(iV(^r, on com¬ 
parison it was found to rosemblc closely tlic left hnniorus of KUyhas 
or an allied extinct genus Ixilonging 1o llie family lillcphantida'. 


In the course of Ids field work, Mr. It. M. Laliiri Ttuule a (a)ll(M;li()u 
of V(ntel)rato fossils from tfari Talayangar (‘11° 'A2 ': 70° -17' ‘>o"), tlie 
famous fossil locality in th(i Bilaspiir Stale, Fiinjal). Th(^ collection 
incJinlcs a few spi'cimens that vo(U'(i purchas(id from tln^ local ix'ople. 
Tlio s])ecimens, wliicli v/ere all ohiained fi’om tin; Middle; Siwalik 
beds, have; bc.eMi juovisionally ideuitined by Messrs. Laldri arid 
Aiyengar as Dryopifhecuft pii.iijabirHs, lOlg., Mastodoo sp.. Sicoomj.r 
hathygnatfuis (Lyd.), P<jf(nnotJ/n'ui/n he.'-,noli, I’ilg., Ilipparion 

pmjahiensc, byd,, Ant/iracotlicrinni {Mict'(>bunodon) siJishrri'n-, Pout., 
Dorcathnrinm sp., Hi/dnspitlicriun) tncgaceplndnni. by<l.. 'ThK/ocerns sp., 
Viverra sj). and a, few anlelopiiK; pnemolar-;. 


At Malgin (3:1° 19' 30": 71° 31' 30") in the Kohat district. North- 
West Frontier Province, a fnrtlier collection of fossil fisli was 
obtained from the tliiii shaly bands thrit are inler(;a!atcd in tin; 
g} 7 )sum at the toj) of l]ie l^alt Marl. These liavo Ixarn sejit to Dr. 
F. I. IVJiile f)f the N’alurid ttistory Mii.scum, South l\(;nsijigfoii, 
fiOndon, for evamination aji<l descrijdion. 

Dr. (}. A. MalNiy, who cr)ndu(;ted ihe JVrey Sladim Trust e.xjx-rl- 
ition for the searcli of reptilian fossils in the (Vaitral Pi'(»vinc<'s, 
and was a.ssist<'.d hi this woi’k by Mr. A. M. N. Clhosli, r<;ports that 
he obtained from tin; bamota depo.sits of Jubbulpore on the slopes 
of Chhota Simla Hill, about a liundriid and foil}' fossil I 'rnes, (;onsi:,t- 
ing of teeth, skull, limb-boiKis, vertebne, eti;,, belonging to the 
sHuropod and lluiropod dinosauriaiis. He is of tin; o])inion tiiat 
in this collection are included Jiitherto unknown ])arts ol the anatomy 
of dino.saurs. lie also believirs that it is probable that all of the 
sauropofl bones belong to a single individual, a circumstanrro which 
may help us to obtain a fuller kiiowledgo of the .size and shape of 
individuals belonging to the species. Dr. Matloy mentions four new 
localities for fossil re])tiles in South Rewah, namely west of Munda, 
south of Maliagiira, near Ghunghuti on the Kiuhodar road, and 
south-east of Lakhanpura, from all of which dinosaurian remains 
were collected. In addition, he collected fragmentary limb-bones at 
Amakhoh. 

A visit was also paid to Pisdura in the Chanda district, where 
besides dinosaurian remains, a fish vertebra and a largo number of 
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In^crlebralcs. 


fragments of a ohelonian carapaeo were obtained from the surface of 
})]oug]uid fields. Associated with these were abimdant freshw'ator 
gasfropods - Limnnea, Bullinm, <ite., (iiaraiitoristic of 
Iiitertj'aj)pean ImmIs elsewhere. 

!il. The r(;-arraiigenient of the whole eolleetion in the Tnver- 
tebnite gellery has been completed ; all llie held collections as well 

us the duplhiule collections are now' arrangiKl in 
si ratigraphic ord(!i’. 

A collection of pr<^parod spcciincjis Upper Cretaceous and 
Eocene limestones and marls from North-AVest India, containing the 
smallo]’ foraminifera, lias been sent on loan to Mr. Dale Condit of 
Calilornia UiiiviTsity for study and comparison with micro-protozoa 
obtained from diill-cores of borings for petroleum in the Bahrein 
Island, Persian Ciilf, by the Standard Oil Company. The results of 
this examination are likely to be of I'oiisidiu’able value for strati¬ 
graphic purposes, 

l)r. Matlev and Mr. A. M. Gho.sh found an alumdance of fresh 
water Ihiionida* in the Lamota scarp north of Amakhoh, Jubbulpure 
district. Ac.eording to Dr. Mat ley this is the fb-st find of molluscs 
in the Lamela-^ of Jubbulpore distiict. Freshwater Intertrappoau 
molluscs such as Paludina, Lintnaca, Ballinas, elc., were also dis- 
covei'ed b}' tlumi at a number of liitlu*rto unnsiorded localities, 
especially east of Pinaora, Kewah State. 

Dr. M. Jv. Sahni rejiorts the discovery of several new Middle 
Jurassic (Hathonian) fossil localities in the hforthorn Shan States. 
The most important one is situatrM about half a mile oast of Kongnim 
(23° 45' ; 97° 55' 30") and anotlu'r about a mile south-east of Kawmg- 
hka (23° 50' IlO" : 97° 59'). 'Ihe chi(d intere.'.t lies in the presence 
of prolific laimdlibranch faunas a,t both these localities. So far, 
])ra.ctically no Bathoniau lamellibraindis have l>een desc.ribed from 
the Nm'tlicrn Shan States, the faamas consist ing mainly of th<^ Brach- 
iopods Bnfnmhynchia and lloleotlnjiis. Bi>lh tlu'se geiieja have 
been found at Ivonguim assexuatod with lamellibranclis, but they 
are absent from Kawnghka. Among (he spc'.cies identified are Burmi- 
rhynrhia tMwiucnsis, Buckmaii, B. irregularis, B. scnelis, B. shanensis 
B. hpalaiensis, B. namyuensis, B. dej/ressa and Holcothyris pinguis, 

H. expansa, II. anguhta, as well as new spv'cios of Holcothyris and 
BurmirhyncMa. The laniellibranchs belong to the genera Leda, 
Nucula, Mytilus, Crassatellites, Astarte, Thracia, Pecten, Ostrea and 
Lima. 



2‘2 


limmh of the, Grohgiral Survn/ of India. | \n\.. LXVl 11. 


Anothor iiilorostin" find is n Fasnlinid, prolmidy allind fo Srliwag- 
<irinn, from tJi« riatojin (jiTUi'sf.niU!. 

Kidi'nnido was rnridi^ in last y<an'’s ro])OTt to th(5 colloc.tions ol, 
fossils olitaincd hy Mr. V. ]‘. Sojidhi from fho SonfJiorn Siam Siatos 
and soiit to Dr. K. li. (fowpia* Rood (d Sotl^<5\vi(;k Musoiim, 
Oaniliridf^f, for <‘xamiiiation, Dr. Oowpor Tiotxl has sinoo roportod 
llut tlioro is snffioiiait Jiiatoria.l for a. inc.moir in tlio Pulaiontnlocja 
htdira. ]i(‘ has, hoAv'o.vcr, boon rocpiostod to dofo.r tho projiaraiiou 
of suoh a inonioir iinl.il lio has (^xaniinod fiirthor fossil coll«Kitions 
obtained by Mr. Sojidlii durin^j; llio past bold season from an area 
adjoining tho one from whicJi tho provions oolloctions wore o])tain(jd. 
Those collectiojis, whioh come from 12 looalititss, liavo boon n^gistocod 
in tho Eangoon Oflioo aii<l liavo boon forvvambsl to ]->r. (.!ow[)or Rood. 


Tho oolloctions made by Mr. P, N. Mnk<njoo from tho Bagli ]>eds 
of Jhabua and Ali Rajjinr States in (limtral India a.ro 7ioti<;od on 
page 7], 

25. T]n7 intorosting oolloolion of plant fossils ooJlooted by Mr. 
N. K. N, A'yongar of this Do])artmont in tho Parsoca area, South 

Rowah, has boon sent to Prof. B. Salmi 
of the huoknow IJnivorsity for (Examination. 


Prof. Salmi has (;ontinu(id his 7‘osoarohos on tho post-tfou<l\vana 
flora of India both on material .su])pliod from this Department and 
that oolleotod liy himself, tho rosnlf-i of which are to bo iiKEorporatod in 
his forthcoming monograph on tlio fossil monocotyledons of India. 
Inb'rosl ing results have boEEii obtained froin a dtEtailod study of IIke 
silicified flora of tlie Ih'ccnn InbErtrapptsin beds of tho Nagpur- 
Chliindwara are.a, which, accoi’ding Ui Jhofessor Sahni, lend sujiport 
to the vi(nv' tliat tlio Ixslsmay bo of Rocoju! ajid not of Upper Crota<;- 
oous ago, tho affinities ol tluE flora as a. wliole biiing decidedly Tertiary 
rather than Cretaceous. Smdi a view', is, (d course, opposed to tlio 
general view that tluE main ])ortion of tho Deccan trap is Macs- 
triehian and Danian in ago, as judged from the marine and fresh water 
mollusca which abound in sonuE of tlio iiitiErcalaled sediments both 


in the Peninsular and (Exlra- Peninsular area.. 


^riie main fcEatures of 


tlio Tntertrappoan flora are : a very marked projiondcraiice of palms, 
a group of which appeared first in the Cretaceous, but gained enorm¬ 
ously in importance during tho Tertiary; the oecurrence of Nipa- 
(Hles, a genus more) tyjiical of the Eocene than tho older system; 
and the occurrence of an undoubted species of AzoUu in some chert 
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blocks colloctod by Mr. H. Orooksliank from the Sausar taksil of 
ChJiimlwara dLsiihjt. Tlie only previous fossil record of this genus 
is from the Tertiary of tlie Jsle of Wight. 

The Dep.artnicnt’s collection of the Indian fossil monocotyled- 
onous Horn, consisfiug of some 53 s])eci(!S of petrified stems, fruits 
and leaves, is being investigated by Br. Sahni and ho fiiuls it possible 
to make some* genicrnl observations thereon. The grent majority 
of these fossils consist of petrified stems and thus our knowledge 
of the fossil monocotyledons is chiefly ])a,s(id upon the anatomy; 
this is satisfactory from th(i point of view of specific determinations; 
but, on tlie other hand, owing to tlie scarcity of leaf-impressions 
our knowledge of the habit of tht^so }>lants remains meagre. Perliaps 
the most striking feature of the Indian fossil monocotyledonous flora 
is tlie great prepon(finance of palms, th»i only other families yet 
definitely recognised being the Gramineae and the Zingiberaeeae. 

During a visit to Jatbi (33° 18' 30" : 71° 17' 30"), Kohat district. 
North-Wfiist Frontier Province, Mr. E. R. Gee found well-preserved 
fossil leaves, probably of dicolyledonoiLs ty|)e, in (jertain thin bands 
of soft clay and sandstone that are inlerstratified with the grey rock- 
salt of the salt ([uarries of that area. Fiom the red marl associated 
with the rocksalt and to])most g)'j;sum, he obtained a number of 
foraminifera. 

30. During the year under revitnv, presentation of fossils were 
Donations. made to the folloving institutions ;— 

dcoloyical iSurvry of the Dutrli East Indicia, Btiodoeny, Java. A 
eollection of vorbibrato and invei'tebrato fossils. (Ry 
exchange). 

(d’oloyical Survey, Ne7V South Wales, Depart meat of Mines, 
Australia.- Permo-tJarboiufcroiis fossils from tin*. 

Salt Raiigo, Punjab. (Ry excliiingc). 

Pulaeonfoloyical Museum, Munich University; Natural History, 
Geology ami Palaeontological Department, Vienna University 
American Museum of Natural History, New York : Peabody 
Museum of Natural History, Yale University, New Haven, 
Connecticut ; National Geological Survey of China, Peking .— 
Small collootions of fossil corals from the Jurassic beds of 
Kachh, Western India. 

Osmania University College, Hyderabad, Deccan .—A represent¬ 
ative collection of fossil vertebrates, invertebrates and plants. 
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University of Liverpool^ Department of Geology .—A small collec¬ 
tion of fossils consisting of vertebrates, invertebrates and 
plants. (By exchange). 

,1 lid son College, Rangoon University, Rangoon.--'6omo fossil 

plants from the (Joudwana formations. 

Geological Survey Department, Tanganyika, Dodoma, East 
Africa .—A repr(!Sontative (‘ollection of vertebrate, inverte- 
biate and j)lant fossils of India. 

Bengal Engineering College, Sibjjur .—Abmit eighty fossils coii' 
sisting of veitebrates, invertebrates and plants foi' ediicul- 
ioual purposes. 

During the year donations of fossils or oasts of fo.ssils \v(!r<! 
received either by exchange or by prestmtation from the following 
institutions or persons - 

University of Lirerpoul, Department of Geology .—A collection of 
Ordovician and Silurian graj)tolites of Bugland. (Jiy ex¬ 
change, through Brof. 11. Jl. Rciod). 

Royal School of Mines, South Kensington, London, i^ilaeo- 

.'{oic and JMosozoic inveutebrate fossils of Emope. (By 
t'xoliaiige, through Brof. Morley Davies). 

Geological Survey of the Dutch East Indies, Bamloeng, Java.- A 
collection of vejtebrat(' and invertebrate fossils. (By 
exchange). 

Geological Survey. New South Wales, Depatlnicnt of Mines, 
Australia .—A small coll(;ction of Permian fossils. (By ex¬ 
change, through Mr. W. B. Dunn). 

Mr. E. Goodwin. Superintendent, Northern India Salt Revenue 
Depaitnunt.-- A number of Lower Siwalik fossils from Mal¬ 
gin, Kohat di.strict, North-West Frontier Brovince, 
including a portion of the jaw of a rhinoceros 


STRATKiRAPIlY. 

27. In the Fanch Mahals district and llewa Kantha {States, 
W. T. Blanford^ has descrihod the metamorphosed sedimentaries 

east of Bavagad Hill under the local name 
of the Champaner beds, leaving the question of 
their geological horizon open. Dr. A. M. iJeron- 
ill 1917 suggested that the nearest analogue of the DoUii system 


Blaiiford’s 
paiier beds. 


Cham* 


^ Mem. Qeol. Svrv. 2nd., VI, pp. 189, 202 (1869). 
*Op., cit., XLV. Pt. 1, p. 110, (1917). 
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is tho Champanor series. Dr. Heron’s examination of the Champaner 
rocks this year lias sliown that this suggestion is untenable, as they 
have no particular reseiublauc-e to the rocks of tho Delhi system, 
but are litliologic.ally identical with the Aravallis of Kajputana, 
witli which they liave in fact been proved by Dr. Heron and his 
party to bo continuous. 

I have m}’'.so]l' in the past given some attention to the nonnm- 
clatur<5 of tlu'se ancient rock se,rios, and in tlio course of my study 
of tlio nningancse-ore deposits of India was led to concbide in 1909 
that' ‘ tlui series that have rectiived tho following names, arrangiai 
in order of [uiority, ai(5 roughl}' c,ontempoj'aneous : - ChampaiH'r 
(18(59), Aravalh (1877), Chilpi (jfhat (188D), Dharwar (188(5), and 
portions of tho nuhaiuorpliic and ciystalline comjdex^ of the Nagjiur 
and Ikilagliat area, (Jiaiti-al Provinces’. 

Concerning the use of Ihtcsc terms 1 wrote as follows (/oc. cit.) :— 

^Vlt1i icyard tu llic <|ii(hlioii as to wliifli Iniii is to ha adoplcd iii [iicforcncc 
U) the' cllicrs, it is ohciuiis that .n coidiiM^ to thr rules of prioiily the tcini Champaiier 
sliould ho used. 'I’IjIs, Ikoak at!’, is the iiiuiio that has hooii tlio least usi d of all, 
cvliilst that ^^hi<•Ii het ii e\lended lo tin* larfiest niijnher of areas, has jiassed 
into iiioht ei'iieral use, and is kuoviu test to eeolo<Tis(H and inineis, is tin- term 
l)hanvai\ the laiuili.uii \ ot tlu' name heiiij* lauu'b' t” (h<' hut that the aurifer¬ 
ous \’('ins of JMy.'iii'i aie *-'itualed in tin uieKs lo u'liieii tins name cva.s originally 
given. Since, howiver, fhe stiiet (.ontenijioraiieity of tlu'se in \aiious paihs of 
India has not and ik vei eau i.e pii.\td, paitly licause they aie situah'd in isolateil 
iiieas and pailly l-eeause it d<>es uoi seem [uoliabli' that tiu’ .sedimentation in the 
dilleu'iit area.-. e;iij have staih d and Imislied at ev.ietly the same points of get>logical 
time, it will juohahiy always h( <on\i(KTt’d pieitialde to employ liie local names 
with a geiKial nndi rstandiug as to tliiii lough e<|uivalenee. When, however, it is 
desirable to treat the' rocks of the dill'eieiit aieas as a whole, it Avill he better to 
use tlie mi'st familial ol the loeal names, namely i)hunviir, in preference to that 
which has pibuity on its side, but Iia[ti>ens to lie the lea^t geiuially known of all 
namely Cham pa m r.' 

It is verv .sclishiclorv that Dr. Heron has now boon able to prove 
dciiuitidy I'y continuous mapjiing tho cqnivnlmicc of two of these 
series, namely the Aravallis and the Chamjiancis, and in accordtiuce 
with the reasoning of the paragrajdi quoted above, I agree with 
him that tho term Cli/mpancr can now bo discarded as a local term 
in favour of Ann alii througliout Kajputana and North Bombay. 

Tho dohnite proof of this equivalence is particularly important 
as enabling ns to effect a measure of correlation between the old 

1 Mem. Geol. Surv., Ind., Vol, XXXVII, p. 283, (1909). 

*Now known aB the Bauaar series. See Bee. Geol. Surv. Ind., LIX, p. 78, (1926). 
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rof:A',s of f*;i//Hi(!ina aJid auoionf, s(!}iisto.so formations olsowhoro irj 
inrli.i IVoiii wliioli Hiijputana and North Bombay aro s<iparated bv 
Ihn maii^ tract of iho Dt'ccau trap formation, ^rho Ohampanor 
rocks of (bijarat aii<l the Aravallis of Jlnibiia both cojitaiii inangaiii- 
fc.rous ro(;ks. Avhich 1 liavo lon^ rogaT<led as probably contomporaiK*- 
ous willi the gonditic rocks of the Omitral Provinces and (langpnr, 
fojinLng a, pai't of wliat wo now iemi the Sansar serhis ; and as the 
mai)])!!!!; of 3)r. Krislinan in (hingpnr l^tate has shown the 
position of tlie Saiisar series with respect to the Iron-ore S('ri(;s ol 
Singlihhiiin, Ave are now well on the way to being able to (dfect a 
sjitisfac-tory corndation of flu* Aravalli rocks of Pajpiitana and 
Noj'tli Bombay with tlu^ rocks of Lharwarian type in th(i (‘fnitral 
I'rovinees and CIu>ta Nagpur, assuming that it is .saf<‘. to utilise tJie 
inanganiferons rofh's as a strati graphical datum line in the Arclui.eans 
having the same im{)Ottanee as charactxiristic fossils higher in the 


strut igra phi<':d se(|Uence. 

28. In th(< Annual Beport for the year 1931*, it was stated that 
iVfr. D. X. W'adia was able to prove on the evi<lence of fossil 

trilobites that tlui thick series of slates occupy- 
^^KaslimV mountains between the 

IvisheiLganga and Middlemiss and Bion’s ar<‘a 
in the 81nd valley of North-West, Kashmir is of Cambrian or Oandjro- 
Silurian age. fOie whole of Mr. Wadia’s collections from this slate 
zone AV'ere sent to Dr. Cowj)eT R«;ed for his examination and <lescripl,- 
ion. The residis of Dr, Ibied's study have been received and they 
point nmnislakably to a Mhidki and Upper Cambrian age for the 
fossils from tile slatii belt. Dr. Peed has iilentified Ki genera of 
trilobit<'.s and sevim of braehiopods, the majority of the genera and 
almost all the spfscie.s being new to India. Tlie most interesting result 
of Dr. Deed’s ideutifieation is that there is little resemblance to the 
faim.as f)f corresponding age in the Spiti region of the Central Hima¬ 
laya, in the Salt Kaiige, or with the little known Cambrian faunas of 
Persia and the Dead Sea, but there are several noticeable links with 
the Cambrian of French Tndo-China. One of the most remarkable 
occurrences Ls that of the genus Tonhinelhi found previously only 


in ^’onkm. 

The Cambrian .system as developed in North-West Kashmir shows a 
very full development, aggregating 7,000 feet in total thickness of 
deposits. This is the first recorded occurrence of marine Cam>»rian 


> liec. Geol. Svrv. Ind., LX VI, p. 122, (1932). 
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floposits on tho south of tlio main crystallino axis of the Ifimalaya. 
Fi'om tli<i jtoint of vi^w f»f .llinuil.-iyan Mtni.tigra[)]iy, however, tlie 
chief inten'st of the ])r<is(!u( artia lies in tlie relation of tho Parana 
slate /one f)f tlui niuMIe Ilinialayau range's witli tlie fossilileroiis 
C.!ainl)rian. (Jle^ar eevideuice of a. eonfoijniihie, if not a gradual or 
transitional, passagee of the nnfossiliferous slates into leetls hearing 
annelids and otJier induhitahlei organic reanains, and of theiso again 
into strata <*.ontaining trilohites and lu’achiopods of Middle Oa.nihriaji 
a.niniti<es, has hiion ohtained hy Mr. VVhdia in a numher of sections 
along tlie oute'r margin of the marine Palaeo/f)ic basin of ilundvvara.^ 


HCONOMIC ENQL'IRIPS. 


Antiniony=(>rc. 

29. In a t raverse acros.s tho Pindya range, Mr. Sondlii saw some, 
oM workings fur stihnito just to the soutli of M(',ne-taung village 

(20'' 59' : 90° 27'). Tlie mineral occurs e.lose 

to the surface, ap]>aren11y in a north-south 
v(an in a highly argillaci'oiis limestone wliich 
weathi'rs into solt yellow clay in (ilustors of ae,ieular, radiating 
crs'stals. It was worked in a small way many years ago.- 


Sdiilhcm Sliaii Sfalct., 
liiiriiifl. 


Sin^'hbiiiini, 
atid Orit^sa. 


Apafile. 

20. tJonthuiing the survey of the copper belt south from Muslia- 
hani mine, Dr. Dunn visited llie magnetite-apatite deposits at iiadia, 

Hhadiia., Kainailuka, Sunrgi, and Khejui'dari 
**'*'”'^ in Dhalhhum, examimd hy me some years ago 
when they wiu'e being worked hy the (heat 
Imlian Phosphabi (,‘ompany.'* Tlie mining of these deposits has since 
completely ceased. 

Dr. Dunn’s systematic survisy has demoiLstrated the close relation 
of these deposits to outcrops of tongues of soda-granite whicli 
ascoiwled along the thrust zone in Singhbhum. Mdth the sulphides 
these apatite lenses show a zonal deposition : along the strike of the 
thrust zone apatite deposits are found close to or within granite, 


1 Op. cit., pp. 122-123. 

« Hec. Oeol. Svrv. Jvd., LXVJJ, p. 242, (1033). 
» Op. at., L, j». 14, (1010). 
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whilst sulphide deposits may he scivoral miles from known granite 
oiiierops,' 

The a])atite and magnetite are now regarde<l by Dr. Dunn as 
having eiystallised from dtdinite molts and not, as previously thought 
by him, by reaction of solutions A\ith the ‘country' roc.k.“ 'Hn' vi<nv 
adopted by me some years ago was tliat the niagnetite-apatito-ro(^ks 
miglit. have betm expectial to be igiuioiis intro<luc.tions analogous to 
the a[)atitic magm'tite ore-bodies ot Laj)land, but that the fac.ts wouhl 
be better exiilaiiu'd by i<‘garding tliese rocks as du<i to piummaiolytie 
introductioJis from the Singhbhum granite. 


Asbestos. 

81. Dr. A. K. D('y repojts the occurreiKSi of aslxistos ap[)ar(Mitly 
r(-.sidting Irom tin; altcjation ot basic and nlt.ra-basic jocks of the 

Dahlia suite at localities atiout half a mile 
and'orlS!'*”' id]»ko<.ha (22" 25' : 80" 8t)'), noitJi- 

east aiul 1-}- miles oast of Mahesjmr (22° 28' : 
80° 80'), and 11- miles west of Chirutaiui (22° 2t' : 80° 84'), in 

Dlialbhum. 

Barytes. 

82. Mi‘. Sondhi repmts the occmrericj" ot barytes in the south¬ 
eastern ridges ol slieet (<8 C/lO at two })lae,(‘s in the 'J’liitteiKya.n 

beds, oru' a,b(»ut I I miles JO. 8. 10. ol lull 5,008 leet 
anotlu')' halt a mik* soiitli west of hill 5,028 
fret. At. eae.li place; the. out«aop is horn 12 to 15 
f(;t;t long and fiom thice to five feet wide. 


Bauxite. 


88. Dr. Sahni ri'poits the occmriaiee of a small outcrop of a 
pisolitic residual roe-k on dolomites ot th<; J’laleaii J.iimestono near 

the i’alaniig village of rangnim (28° 88' : 97° 
50') ill the iS’orthe.i'ii 8Jian States. The following 


Norliern Shan Suites, 
Biirin.'i. 


is tho average anal}'sis of several sjiecimeus 


8iO., 

Al.,0, 


Per cent. 
33*19 
32*67 
15*81 


^ The rough zonal ilistriluilioTi of these ami some other ore-depisils in Hinghhhum 
was discussed by me in ‘Some ProbJems of Ore Ceiiesis in tho Archaean of India’, /■'roc. 
As. Soc. Bevg., (New 8eiip.s), XV, pp. elxxxviii-cxci, (1919). 

* Rec. Geol. 6'urv. hid., LXlll, p. 28, (1930). 

*Op.cU., L,p. 16,(1919). 
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Whether thin is to bo regarded as a very siliceous bauxite or a 
])isolitic aluminous clay depends on ^\ll(^ther the silica is in the iVee 
or combiruul coJidition. 


Beryl. 


.‘M. Tleryl is a ininej’al oeciivninees ol' \vhich are ahxays vorlh 
re<»mliug tuther I'lom tlie economic or the sc-ieiitilic point, of vicAv. 

K(;onomje.!illy the mineral juay be ot u.S(; either 
.Mad^«>' of b(,ryllium 

for Itevyllium allo^v,. l^iaeutilieally beryl may 
i)e of nse as a,u indi<'ator ol tlui minimum age ol the. containing 
rock. ^ 


It is for the last reason lliat one may mention the o(!ciiireuc(^, 
noticed by Dr. V, K. (Ihosh, ol small <piantiti('s of be.ryl, too greatly 
c1(!av('.d and frae.tur<;d to bo us(id as a gemstone, from some new 
loca.liti(‘s ill the mie.a belt of Nellore, viz., Irom the Pallimita, and the 
Virabhoga and Kustiim mica mines. 


Siii.iihbliimi, 
uiiJ Orissa. 


Hiiiar 


Building Materials. 

.jb. in the ne.iglibourhood of Dhalbhumgaih station, Ifhaibhum, 
a pebble, bed, nhieh forms tlie base of a g;oiip of .sediments re,- 

gaided by Dr. Dunn as ol lati- Tertiaiy age. 
(sell ])ag('. has been extensively (pi.irried 

for many years ainl u.sed as raihAay ballast. 
(South ot the .same station ma.s.sive A\lute ipiarlz Ainiis in a belt of 
miea-selii.sts are lanng (jiiarried foi‘ road metal, 

30. Dr. A. K. Dey reports that llu* inineiji.d sourci’ of lime in 
Dhalbhum is hinlar 'whieh oceuis on the, stirlace (tf tJio Iron-ore 
series. Oeeasioually, however, a kind of ealcaroou.s tufa, usually 
containing a not-Avork of tubes, is found in tlic crevice,s of (piarlzito 
or as an incru.station on it. The sup])!}’ is limited. 

The deposits arc locally knoAAii as a,'^ln(rh(vi'~, m<;aning demon.s’ 
bone. The dopo.sit near Jlasadera (22'^ 10' : 80° 30'), recorded by 
Ball’h lias been nearly workeil out. In course of his Avork in Dhalblium 
Dr. A. K. Dey founa two other dejio.sits of siudi tufa in the 
quartzite cropping out in the milas to tlio iiorth-Avc.st of Bakrakocha 


* Ijord Rayleigh. 

« Rail, Mem. Geol. ISvrv. IncL, XVllI, p. 49, (1881). 

• Loc. ct{., p. 8b. 
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(22° 24': 8(5° 30') and H miles north-west of Khejuidari (22° 24': 
80° 33). The sui)|)ly i« very limited. 

37. Mr. 1*. N. Miikerjee reports tlie oeeuiTeneo ol well-cleaved 

aii<l lin<^-grained pliyllites and slates, in abundance, in Jambughoda 

»Stal(!, l*ant‘h Mahals distjict. Tluise roeJes, 

JarHbii!;hod!j State, belong to the Ai'avalli (Cham])aner) s(U‘ies, 

Ilombay Prcsidciuj. , , , , i 

are very well (U;veJo])(icl l)etwe(m tlie old tort 

of hlarnkot and the village of Jaban (22" 21' : 7'-° 11' 30"), on tlm 

vShivrajpur-Jambiighoda road, and might ailord good roofing slatiis. 

:> 8 . Mr. P. N. Mukerjee tdso reports that tlie Inlratrappean 

gritty sandstone, near Natldcna villagt; (22° 20' : 73° 35' 15"), soulh- 

(la t of I’av.igud Hill, confains ijininnerabkj, 
(luaiTies from \vhich came building stoinj used 
in the old city of thajnpajmr and the extensive 
fortifications of i’avagad Hill. 

3 ‘J. Tho Tawng Peng granite is, so Dr. Sahni reports, locally 
used as a building stone for bridgiis aiul wells. Nearly all tlu; 

bridges in tho granitt; arc'a are constructed 

of granite Ijlueks; but no big (puirries exist 
an<l tlu^ mate,rial usetl is, tlierefore, weath¬ 
ered a.nd not very suitable for tlie jjurpose. However, wlusn 

suitably quarried the granite should make a good building stone. 


Noilhciii Shan StaUs, 
Uiirina. 


ChroiTiite. 

'10. Dr. P. K. (Ihosh was diipiited to report dining the season 
on the occurrence of chromite in the Patnagiri district. According 

to him, the deposit occuis in the valley 

ltambay”f‘Ldc.,iyl''''’ “f *■“ 

K.auakauii village (10° 10 '; 73° 45'), in the 
Devgadh laluka of the Ratnagiri district. 

'riie deposit occurs as a roughly E.-W. dyke or vein, about half 
a mile in length, with a \\idlh varying from 30 to six feet, and inter¬ 
secting tho foliation of the older, iiro-Cambrian, gneisses and schists. 
It is jirobably also of pre-Cambrian ago. 

The ore-body is associated with serpentine which appears now 
and then at tho centre of the mass. There has been no separation 
of clean ore; instead the (thromite occurs mostly as disseminated 
grains in serpentine and chlorite. Assays yield 34 to 4P58 per cent. 
Ci-g O 3 , so that unless the quality unproviis with depth tho ore will 
not, without concentration, be of much value in normal times. 
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Clays. 

41. According to Dr. P. K, Ghosh, ;i bluLs}i ]ilastic clay, rou!\d 
Olio iiiilo S. tS. W. of Gogha (21° 41' : 72° 19') in Kathiawar, is used 

for making casts and moulds. It is exported 
homtay large quanliti(.‘S to Bomba}', but no returns 
of its production are available. The clay 
Jormatioii is a member of the Tertiaries exjiosed in tln^ neighboiir- 
hooil of Gogha.. 

42. According to Dr. P. K. Gho.sh also, there is a ('liina e.lay 
de])o.sit in the now extinct Malatippa mica mine, half a mile mn-th 

of ivistama mhai muu; (14° 27': 79° 4(5'), 
Nellore district, Aladras Presidency. It rejires- 
eiits a highly kaolinised jiogmaiite inliudod 
into (piart/iite, and the surfaeo-exjio.sure measures about 2U le- t liy 
three f'et. The d<'])o,sit may be ol local importance., but it.s 
narrow width, combimsl with thii highly inclined nature of tlie 
original pegmatite, Avould make its working rather dillicult. 


iNcIloic (Jifetrict, 
Ata(ii'ti& I’icsidciicy. 


Copper=orc. 

43. On tins easbirn scarp of t-he I’iiidaya rangi; wisst ol 14awgyi 
village (2*'° 5u' : 9(5° 40'), Mr. fSoiidhi discov<‘.red a v<an about three 

loot tjiick, consisting mainly of bari'los and 

containing small amounts of 

malachite. 

44. Dining the season 19152-153, Dr. J. A. Dunn compkilcd the 
survey of the cop})er belt, ISinghbhum. Oontinuing south irom 

Mushabani (Mosaboni) the old w'orkiugs one mile 
^^**'**'^ south, at Badia, were examined. It is 

obvious that the Badia and Mushabani deposits 
arc associated with the same zone of mineralisation. 'The evidence of 
veins north of Mushabani, that is, west of Laid<csra, and those 
at Badia, suggest that W'cst of the present Mushabani mine 
lodes there is the iiossibility of a continuous miiK'ralised zone ad¬ 
jacent to the western edge of the soda-granite wJiich forms the 
‘ country ’ of tho Mushabani lodes. This lino well deseiw'es prosiiccting, 
even if only because it woidd be so iiasily and cheaply investigated. 

With commencement of development of the Dhobaiii lodes and 
the favourable nature of these other adjacent lodes, the prospects 
of a suecossful future for this mine are, according to Dr. Duuii, 
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[»ri^ht —])rovidin^ of oourso that capital and plant capacity aro 
k(‘p(. w<ill Avilliin th(' known oro rcsorvos. 

SoiiOi frroii Iknlia the tlinist zone, wliicli has in the section to 
tlie norfli lieerv the <1eterminiu<<: factor in t]i<^ localisalion of payahki 
Jod(\s, jro'atlually dies out and no coj)por lodes of any importan<;e. 
are found. In fh<i f^ranite to the w rth-we -t of Baliarayoia (Hhaira^?ora.) 
hou<'V('f, several lines of aue.ieiit eopjau- workings show fea1ure,s 
.siifH(!iently aHaactive to warrant future prosp(!(!tiiiy. 

Dr. Duiiu has studied both th<^ Ifa.klia. and Musliahani or(\s hv re 
fleeted liLdit. Thi luis detee,1('d the pn^seixa,* of a nickel sul])]iide. 
whose pro|K‘i'tics identifv it with the r<!eently f nind rani mineral 
violarite. The colour is, hov.ans'r, ealona-wliifc', instead of the typical 
violet of normal violari<<! ; hut similar yahaui wliite sjieeiTneus hav<i 
heen deseiilxal in Anuaica. In l]ie, Hinyhhhmn ores viohirile replaces 
pentlandite lo a vaiiaMe ('.\tent, and is the most aiMindant. nickad 
sulphi<h‘. Anotlnw nic.kel-heariny sulphide, id(‘nli(ied as miiNuite, 
r<'(places and is intererown with pyrrhotite. 

Tlie seipieiic.e of the sulphides in tliese ores is appaixuitly [)}Tit<!, 
])yirh(>tito au<l jieiitlandite, violarite aTid millerit<', ehalcopyrite. 
Minute amounts of oilier minerals not yet d(d(‘rmined are also 
prescjit. 

l^r. Dunn 7iow <-on(;lud('S that although the a.patito-nia»j:iietile- 
riM-ks atul sulphides heloujj; to a late, pha.se of miiu'ralisatioii by tjie 
yr.mite tonyues intruded alony the tlirust zone, tlmy were d(7jiosile(l 
from se]tarate solutions. The (Sirliest u'as a. sinijde apatite jiiaynef ife 
molt uliieli erystallised out at hiyh t(!mf»eratur<',s; tlie latest sul- 
phid(‘S wi'ie dejinsited at miieh lowin’ tem[)('ratin'f\s. 

•lb. Mr. thooksliank reports yremi malachite stains on the surface 
of a hrei'ciated ijiiailzite ctIfT nortlj of Mumlajiar (IS'’ JlT ; 81" 'j(i'). 

A little copper-bealiny pyjiti'S is disseminated 
tVovhiccs thronyh this quartzite for a distanee of about 

1 11(5 mile. The occurreiujis is of no economic im¬ 
portance a»s the amount of pyrit(5.s pre.sont is ver} small. 

A small boulder, richly impreynatial with sulpliides and malachite, 
was also picked U[) on a junyle path 1?, mill's south of I'akanar (18" 

: 81" 4'T), but the source from which it camis could not bo traced. 


Engineering and Allied Questions. 

40. At the inst-anco of the Corporation of Rangoon, Messrs, hh L, G. 
Clegg and V. R. Soudhi reported on the geological aspects of the 
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iNyaiinglebin Lakr-s soheme, which is otic of tJio low 
. . lhat aim at suTTplyitifi Rangoon with water by 

Nyaiingichiii l akes gravity Irom the western slopes of the i'ogu 
scheme, Rangoon, Vomas. Tlie two (!at(;hmont areas lie within 

Ihe lllaiiig Yorna res<‘rve foresls on sheet O'! 

C/3, six to eight miles from I’aiklcyi, a town alxxit 42 miles from 
Rangoon on the Prome railwa}' line. 

Poth the (aitchment aiv^as li(i (Completely (Miclosed within rocks 

of the Pegu series, but tluui geological slriictnnis ditfer. The 

Cyobyu caPhmont area, of 13-1 S((ua,r(; miles (umipristcs the Uyobyu 
chai'ng and its tributaries of wliieh tlie nmst im]>orlant is the Mezali ; 
and with a dam of aboiil, 121 feet in luught ai- tlu! sit<c scdected, 
a yield of 18 million gallons per (.lay is estimated. 

The ro<hs of the Ihcgu stu'ies in tliis ai'ea. consist predominantly 
of shali's intenalabid wilh sandstones. Jn geinwal the shales are 
wcll-b(xlded, micaccious and sandy and ar(‘ int(‘.rlanunat(‘(l with 

thin lay<irs of line sand, but })ure blue shales are not unknown. 
The sandstoiu's are mostly very iine.-grairu^d with very little cement¬ 
ing mat (‘rial, and most of the beds se(‘m to be conHolidat(al by press¬ 
ure aloiui. From a fossil b(al in thic higakyi (Nagyi) rhmmg, about 
a furlong and a, half u]).str(*am from its eonflueiuai with the i\T(!/,ali 
vhantiij, uhieh c.oiusisted of many Inokaui Ja.mellibranchs, a Curdiifin, 
toge.ther with a nnmbe.r of fi,sh teeth alli(xl to VarviMrodon Hugftlodn'n, 
Agassiz, and Carclmria (Rrinnodov) njcrtonK Agassiz, wen^ obtained. 
A partly rolled piece of fossil wood, about six inches long and tlmce 
inches broad, was also (collected. 

In the- main Gyobyu valkcy and the larger of its t ributari(»s, a 
highly f(!rnigin(jns dejeosit of rolled pebbles and grains of soft shale 
and sandstojie ()V(5rlios th(‘- upturiucd (‘.(IgTcs of the Pegu rocks. Th(! 
1 ) 0(1 has an average thickness of about ten feet and is strongly cro.ss- 
laminated. It is in turn overlaii\ bv sill, terraces, tlie nmiaiiLs of 
three of whieli exist in the Cyobyu valley. The ferrugiuous bed 
as well as t.lio terraces will be totally submerged whou the dam Is 
built ami the water rises to the iuteuded height. 

The Cyobyu catchment area is synclinal in striufturc, the ideal 
structnio from a v/ator-holding stamlpoint when (!omi)osed of au 
alternating series of pciineable and impermeable rocks, such as 
the shales and sandstones of this area. 

Rocks exposed at the dam site range from fine-grained sandstones to 
ahaly sandstones, depending on the proportion of their sand content. 


D 
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n’lioy iiro <'()iis(>lulaleLl liy pras.suro and contain only clay as a ccnnnit- 
iug iua.t('.rial. Klnlnation tests on samples from thorn point to 
thiar peniioalality being in'gligibb; and as they have a resolved dip 
iip-stroam into llie (catchment a,rea the sitt^ was considered satis- 
racioiy. 

47. The Nyamiglebin eat<‘hment with ils area of only ‘2-1 scp-arc 
miles a ml estimated yie.ld of about 5 million gallons per day, lies 
Immediately south ol the t.Jyolo’u aie-a, a narrow ridgi; si^parating 
tho two. It is inUaided to sup]»lement th<‘- yi(dd of the Oyobyu 
Jake at some fntuie de.tt^ wln-n tin* lu'et'ssity arises. 

Tho physical conditions obtaining in this artai and tlie character 
o' the rocks exjiosed in the stream beds aie essentially the same as 
those found in the (lyobyu area, but the geological structure of the 
beds difters. Tlu; sandy sliale a,nd limi-grained sandstones of the 
Pegu si'i'ii'S in this area di]) persistently to the west at Irom 10 
to 15", but furtluir wi'st outskhi the Ciitcliment aiea and nca,r the 
boundary with tin? Irrawaddiaii seriiis, the dips become very marked, 
although no changci in diriiction takes pla<*e, Faulting is piuhaps 
indicated. 

Tho propostid dam lin<i of this area runs approximate.ly W. S. W, ■ 
E. N. E. across a gorge, whosi' sides are dccompf»sed into line sandy 
soil on the highest (ilcvations with line-grained sandstones containing 
partings of shaly material biilow. In tho stream-bed itself fresh 
sandy shales with thin sand layeis are se(*n inte.rbedded with 
thick be,ds of (inri-grained f:t.lse bialihal sandstone <lipping 
slightly south of west at from 15° to 20°. Tire rooks thus have a 
small resolved dip downstream, but as tlunr pmmeability is very 
low, IVIessrs. Olegg and Sondhi anticipate no danger, providing the 
foundation is ancliore.d in fresh rock. The catclinumt area is also 
coasidered satisfaidory owing to this same impornuiability, although 
it possesses none of tln^ structural advantages of the Oyobyu 


area. 

Messrs, Clegg and Hondhi draw attention to the following points 
b(*aring on tho type of dam for the proposed reservoirs : - 

(1) The low ernshing strength of the rook at tho dam sites. 

(2) Tlui fact that lh(‘ foundations cannot bo located on one 

homogtmoiis band of strata of a uniform crusliing strength. 
pP The ar( 5 a is situated in an active eartlnpiake zone. 

48. At tho request of tho Covernment of India, Dr. C. S. Eox 
was de.piited to examine the site for a proposed storage dam for m 
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irrigation resorvoir in tlio Bhavani valloy, near tho confluence of the 

iWiRvani dam-sUe. Bhaviuu livers (ir 28': 77° 6') in 

Coimbatore disiritt, the CoimbatoM*. district. Two possible sites for 
Madras Piesldeiicj. wert) cvainimxl by Sir Thomas Holland 

(then MV. Holland) as long ago as 1898, but no action was taken 
on liis n'port. Tla- project has now, lioAvever, laain revived anti 
pits and trenches liavi; been made to record the nature of the rock 
junctions lwtw<M!n the am])hiboIil(! and the gneiss at one of those 
sites. Di-. Fox is of I he opinion that the site is gef)logically satisfactory. 
Ho KatanmoJids, hoAvever, tliat systematic core ilrilling should bo 
underlaken on tin; river and alluvial section of tho dam site to as- 
c<;rtain tin'; iiatiiro and <l<'})th of the solid rock. He also advises 
a masonry i!am insttaol ol a.n ombaidtmcnl of earth-work. 

•It). During tho month of j\larch, Mr. F. H. Ct'.e visited the military 
encamjmient at Mir Ali (32° 59' ; 79° 16' F5"), Waziristan, in order 
Military cncaiiipnicnt. to investigate the ctiiise of the damages in- 

Nortli-Wcst "Tronner ^0' buildings sinc,o their cons- 

Proviiice. triKdioii during tlui past two to three years. 

Mr. (}c<! r)bsmvea that the lamp is located on a Ioav ridge just 
north (d the iMijan Shah road, 24 miles west of Bannu. The 
strata inchnUi st<‘ 0 }>ly tlil^ung gr(‘cn clays ca})pcd by a loose, high- 
level ])cbble bed (Older Alluvium). Ci’acks liave occmTcd in the 
ground and in a miinbiu’ of the buildings. He suggests that those 
are due to ; 


(a) Jielative weakness of structures—small foundations wdth 

brick and nmd-mortar superstructures. 

(b) I.ooseiiess of uruhnlying pelible beds, which are quite un- 

ronsolidab'd. 

(c) Bercolatiug water, draining over the surface of tho under¬ 

lying clays. 

(d) Kartlnpiake shocks. 

He is of the opinion that the buildings are liable to bo severely 
damaged should a serious earthquaki*, ocem. He suggests that all 
heavy mini roofs and chimneys should be removed and the various 
parts of the buildings braced together as much as possible. 


Garnet. 

50. Dr. P. K. (Jhosh notes that workable quantities of garnet in 
crystals measuring up to 1^ inches in diaiqcter are obtainable over 

D 2 
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Nellore district, 
Aladrfls Presidency. 


au area of half a square mile in the hill half a mile west of Korissa 

Kuuda (14° 11' : 79° 43'), Nellore district, 
Madras. Besides being a constituent of the 
country-rock, garnet is found in a fairly (;ojiccntrate,d stat<^ in the 
suifac.(» detritus of th(i hill, so that the working of the, d(q)osit 
should 1)0 very simple. 


Gem Minin*;. 

51. In the ({eneral Iteport for 1927 b an a(;count is given of Dr. 
Uoggin Brown’s report on the history of the ruby inining industry 

in the Mogok Stone Tract, lJp])or Burma. 

.Monok Stone Tract, investigation revealed the necessity of a 

Katha district, lUirma. , . t • i e i • 

<letaiiod geological survey ot the gem-hearing 

tract before a satisfactory <lecision c.ould be taken on the policy 

to be followe.d in the regulation of this industry for the future. 

On the completion of now topographical maps on the scal<‘ r)f 
four inches to the mile ])re])ared spe.c.ially for the purpose, the detailed 
geological survey was coinrneiuu'fl ^ lP:}2-33 hy Mr. M. L. 0. ('legg 

and Dr. Xai’ayaiia Iyer and the r<>sidts of their gi'ologic.al work is 
given under ‘ 0<*o|r)giea.l Surveys ’ (scr*. [lage 59). 

It. is dcsirahle, hows'.ve.r, to ])ul)lisli hei’e the present position 
regarding the grant of gem licenses in t.he Mogok Stone Tra.ct, as 
summarised by j\li'. Clegg. 

Licenses to mine for stones in the Mogok Stone Tract are of two 
kinds; - 


(1) Extraordinary licenses, which are licenses to dig for and 

raise stones by any method. 

(2) Ordinary licenses, which are licensfis to dig for and raise 

stones by native methods and do not authorise the us() 
of any explosive substance or machinery excejit as 
provided by the rules. Under the rules special licouses 
to use mechanical pumps (gravel pumps prohibited) and 
explosives may be issued to the holders of ortlinary 
licenses. 


Originally the solo right to an extraordinary license was held by 
tin* Burma Ruby Mines Company, whilst hereditary miners work- 


^ Rec. lied. Siirv. India., LXI, pp. r,3-f)6, (1928). 

* Mr. A. K. llanerji had actually commenced detailed work in IJl.*}! on the cxistinp 
Forest Survey sheets pending the completion of the now survey. 
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irig under ordinary licenses were restricted to such methods of work¬ 
ing Jis they had used in the past, that is, to the ordinary handworked 
bamboo pump for the pumping of, and the balanced bamboo lever, 
su(;h us is us<id in w(il]s all over the east, for the bailing of, water, 
or lor tli<‘ raising of the ruby-bearing earth t>r byon to the surface. 

Sin<*(5 the ternilnaiioii of the le.as<‘- ()t the Jlunua Ruby Mines 
(iompaiiy in lt)31, the Clovcunment ol llurma liave renu)v<id all 
lestrietions with ie.s]>oet to appiieations lor extraortlinary licenses. 
The sanction of the (jlovernor-in-Council is, however, required before 
such a liceiist' <;an be granted. 

in the past, largci-scahi mining by the Burma Ruby Mines Oom- 
2 )any has ju’oved a failure, whilst mining under ordinary methods 
by native minors is known to have been a success. Many areas in 
th(» stone tract are unsuitable for work by native methods owing to 
the inability of the. miners to <’.ope with water see 2 )ago. Those 
areas can however be dealt with by lire small capitalist by the use 
of mechanical means, and the first, extraordinary license under the 
new rules was issued in 1933 over an area of 10-^ acres in the Kngyauk 
gorg(! imnu'cliately north-east of Mogok. The terms on which tin; 
license was issued ai'o roughly as followsRs. 20 per month per 
miner employc'd (as against Rs, 10 per mouth jjaid by the ordinary 
minei) with a, minimum miners’ fee of Bs. -100 per mont.h, i)lus an 
atireagc, hie of Rs. o j)6r aero, or 10 jxir <ient. of tire sale recoi 2 >ts of 
tlui stoiuis miiKid whicluiver is greater. C«!rtain oonditiojis are also 
iiKilucled iii the Jiiasc regarding retiirus and the payment of royalty 
on unsold .stom s on tlio tennination of tlui lease. The license is 
issued fo]‘ twelve! months only in the first instancii with th(i option 
of reiKiwal for further periods on su(;h rates and conditions as may bo 
presorilx'd by the Local Ooveinnnent. 

ft will b<i interesting to see how the! terms work out in actual 
practice aud how far fairly small-scale mining by modern mcthoels 
combined with poi’soiial and self-interested supervision can be made 
a pa}ing proposition. 

Gold. 


52. Gold in Dhalbhum is found both in river alluvium and in 
certain quartz veins. Quartz veins in Singhbhnm are of two 

varieties, a barren white massive quartz, and 
OrfssB^***^**”*”’ *^**^"'^ •'^I’aoky grey or ‘ blue ’ quartz, oft(!U sheared. 

The latter typo is occasionally auriferous. 
Such gold-bearing quartz veins are found in the Iron-ore series only 
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in the upper zone of tuffs. Tfieir distribution suggests to Dr. Dunn 
a relation with (Jie late basic intj’iisivo ])liaso of tJie Daliua. volcanio 
iSiiit(' and not with the granitic, rocks of the area, as was sugg(!Ktod 
bv imscif some ytiars ago. ' 

53. Dr. Sahni reports th<^ ocouri’emas of alluvial gold in several 
streams draining the Ciiaung Magyi rocks, as, for example, in the 

Iasi of the Nam Lawng, south of IJrapum 

Hkamtaw (‘23° '11' : 07‘^ 53'). The main gold- 
bearing aivai lies to tlie east ol sheet 03 E/13 and liei’o the Burma 
Corporation and others have been (airryiug on intensive prosjiecting 
for some time. Fairly large-sized pellets of gold wer<^ brought to 
Dr. (Sahni by the Shans for (‘xamination. It a])peurs that the area 
was w()rk<;d for gold in former times by the (Jhinese and traces of 
their workings still exist. Certain localities which the Cliinose 
overlooked or could not reach are still reported to be richly gold- 
bearing. 

IroiDore. 

51. Dr. A. K. Doy found piibblcs of ilmonib; associated with as¬ 
bestos north-east of Mahespur (22° 23': 85° 3U') in Dhalbhum, 

the ‘counli}’’ being alterc.d epidioj'ite. Ccr- 
Orfssflsliales and cpiartzitic schists south ol 

vShama<la.nga (22" 12' : 8(i° 32') are liighly fer¬ 
ruginous and ott«ui grade lo heinatit«i-})hyllites and hematit^i-fpurrtz- 
schists ; these in plac»‘s form small de[iosits of hematib*. Such 
deposits of iron-ore posstiss, however, no (iconomic value in view of 
the vast quantities ot iron-ores in the' Koihan. 

55. Mr. P. N. Mul«;rjc(; reports aji occurrence of micaceous 
haematite in the Nijuar samLstojies, south of Climit village (22° 32' : 

74° 5') in Kathiwar.i State, (kmtral India. 
Ccnfral'hulh 'I’his deposit also is only of academic in- 

ter»\st. 

5G. Mr. P. N. Bose’s surv«5ys in I81t8-I0d0 showed that la7‘ge 
deposits of hematitic iron-ore exist in Bastar (State.^ Mr. H, Crook- 

shank now r(!])0!4s the (ixisten(;e ot largo rpian- 
Hastar State, Cential (,]; grade latcritic iron-ore on the 

ridge one mile south of Guinjenar (18 47 : 81 

35'), and on tho south side of the Kaingar valley soutli-wiist of 

^ J.e. jSV. Bengal, N. 8., XV, g. clx.xxix, (1919) 

* (JoncTfil l?c*i»t(rta for 1898-99 and 1899-19(K), pp. 38 and 41 rfR]iccliv( ly. 
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Kotorufior (18° 52': 81° 58'), uiid minor deposits in conneotion with 
most of the patches of hoinatite-quart/itos. Those ores are ex¬ 
tracted on a small scale by thii villi)|;e iroji-oiakers in many localities. 


Kyanife. 

57. Dr. A. K. Dcy noticed kyanite <lebris strewn on the ground 
west of Singpiii’a (22° 22' ; 80° 35') in Dlialbluim. The mineral 

is bluisli white in colour and occurs in largo 
Orissa ********”*’*^'*'^'^ ^”*^ inte.iiocking blades associated with muscovite 

and some tah'osc! mica that may be damourite. 

58. Dr. r. 1C. (Jliosli ie(!ords the ocaairreiico of abuiulant kyanite 
in blades sometimes attaining a lengtli of six inches, in garnct- 

staiirolite.-biotite schists injcsAcal by cpiartz veins, 
AlSrPrcSSy. ia the lull half a mih^ Avest of Korissa Kunda 

(14° 11' ; 79° 43'), Nellore district. It is found 
abuiulanily in the surfaces detritus. 


Lead=ore. 


59. Jn the course of his survey of part of the Khasi and Jaintia 
Hills, Assam, Mr. Bradshaav noticed tin? occurrence? of galena in 

boulders of jcegmatitic granite close to the 
Hilts'^Assam'^^ l)onndary b(?tw(?en tlu? granite and epidiorite 

south of I'lnwaiig (25° 41': 92° 12'). The 
boiild<?rs in which galena w'as noticed w'erc not in situ and Mr. Brad¬ 
shaw docs not consider tin? occunvuico to be of <?oonomic importance. 

60. About half a mile north-east of Khandia village (22° 19' 30" : 
73° 35' 30") in the Bhamria 8tate, Panch Mahals, there is, according 


Dhamrifl Stale, Panch 
Mahals district, Unnibay. 


to Mr. P. N. Mukln rjoe, a deposit of galena 
in irregular veins in mica-schists. The miner¬ 
alised l)and extends for about a mile to tin? 


oast, and is about ti\'e feet wide. The veins carrying the? ore have a 
general E.-W. trend, approximately corresponding with the strike 
of the mica-schists. A sample of the galena assayed in the Geol¬ 
ogical Survey Jjahoratory gave 18*16 oz. of silver per long ton. 

The <loposit requires careful investigation and may turn out a 
very useful ocom-renee. 

61. The belt of the lead-silver-ore of Mawson^, sheet 93 D/13, 
was found by Mr. Sondhi to cojitinuo to the north into slieet 93 C/16, 


»J?ec. Geol. Surv. Ivd., LXV, p. 52, (19.31). 
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and anoiont Shan pits and largo (j[uautiiios of slag worn noticed 

at a nimibor of placos, especially about half 
Bunna!'"'" ^ Thittcikkoli ‘(21° 1 ' ; 90° 

48') and on the top of the welbdefined ridge 
about two miles M. S. hh of the same village. In t]u‘ latter are.a 
Shan pits are c.oneeutratetl along a laidl, line. 

The an'ii, hus Ijoeii the scene of active pros]»eeting in rec<*nt 
tinuis, but is now de.seited. 


Mica. 


02. During tin? latter part of the field-season of 1932-33, Dr. P. K. 
(Ihosh visilt'il N(‘llor(i <listriet at the request of the Grovornment of 


Nellure district, 
Madras Presidency. 


Madras to inviistigate the ‘ behaviour of mica 


deposits of Nellore at great depths, and tluj 
relation of the presence of hortiblende- and 
biotite-.schists to the occurrence of mica ’. He was acc.ompaineil 
by Mr. C. Sriramalii, the (ilUciating .Mica Inspector of Nellore, pract¬ 
ically throughout the whole period of his toui' in the district. 

At the tinui of his visit, only eight mim^s, viz. Pathcregunta, Shah, 
Nityakal 3 'ani, lladhakiishna, liiam, Ncwlands, Tellabody and the 
D. mines, were w(jrking. Bc'sichis the above-mentioned mica mines, 
])ractically all the other mica mines of Nellore were visited. But 
being under w^ater, the unworked mines otfered v(uy little facility 
for observing the behaviour of mica in depth. 

The geological formations met with in tlio mining area are as 
follows ;— 


Pegmatite (often <anying mica, and sometimes beryl and 
samarskite) aiid quartz veins. 

Schistose quaitzitc ('< original quartz veins). 

Highly sheared granite-gneiss. 

Ampliibolite and hornblende-schists, sometimes passing into epi- 
doto-schists. 

Biotite-schist (oft(m carrying garnet, kyanite, staurolite) and 
talc- atid chlorite-.sohists. 

The main mica belt of Nellore is sickle-shaped, tapering to tlie 
south-east and to the N. N. M. ; the southern point lies nine 
miles to the S. S. B. of Gudur (14° 9': 79° 52'), and the 
northern point about nine miles to the N. N. E. of Sangam (14® 35 : 
79® 45'). The lens-shaped central portion, which runs roughly 
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north and souili, and is widost in tho southern and eastern portions 
of t}i« Rai)ijr laluka, carries most of tho mica mines (including the 
most paying ones) of the district. Tho mica belt between Jatitute 
Id' and th(^ Kandloru river, is marked by schistosity trending 
bel wMM'ii i\. VV.- IS. VI., and >i. N. VV.-S. S. K., with high south-westerly 
or south-soul,ji-\v('st(‘iiy di])H. Nojlli of iJie Kandloru, schistosity 
t<‘.jids to be inore «.u‘ less N.->S., or even N. K. S. and high easterly 
di])s are firjqimnt. Allhough tins above is geumally tho case, the 
direction of strilvo and dip of individual baiuis may vary from plara* 
to i)lac(}. 

The pegmatites, which are the latest intrusions, conform in strike 
a,nd <lij[) to the scliistosity ol the ‘ country ’, seldom show any signs 
of prc.ssu]-(! mctamoiphism, aiul .seimi generally to have crystallised 
under quie,s(;ent. coiulitions. The thickness of the pegmatites is 
variable, ranging irom that of an insignifiiiant vein to over 200 feet ; 
))ut ten to 15 feet may be takmi to be the averag«‘- thickness of mi(;a- 
yieMing pegmatitr'. Tlie length also is variable, from an average 
of 110 feet to over 1,200 feet. As Mi’. C3. H. Tipper recorded in his 
rej^ort on the mica mines in tlio Nellore distrie.t, ‘ the commonest 
lorm ol these (j)eginatit<vs) is that of a lens, a .series of coniuKited 
lenses, Imisrvs arranged cn echelon, or long irregular masses They 
aiX 5 often associatt'd with a wadi-developed boss of quartz- - a product 
of ditferenria.t ion of the p^^gmatitc magma. 

The larger, workable pegmatites .seiun to have a distinct profer- 
ouce for the biotit('-schist zones, into which tlie largest number of 
pegmatites are fomicl intruded. It .should bt; mentioned, howevc^r, 
that work.ibbi quantitievs of mica have .also b.MUi found in pegmatites 
intruded along the jumtioti of the biotite- and horiibleude-sehists 
(Pathereguuta mine), in those intruded into hornbIende-.schist 
(Parvati Parameswara mine), and very cjiceptionally in pegmatite 
intruded into the schistose quartzite (Velaga Venkatoswara juine). 
The piobabh^ explanation, according to Vr. P. K. Ghosh, of the 
selective distribution of tho pegmatites (i.c., tlndr bias for tlie biotite- 
schist zone) is that the biotite-schists are the roidcs least competent 
to withstand tfic tiuisional forces that came into play at tho time of 
intrusion of the pegmatites. The iiicompcteut biotito-sclusts and 
the mori^ r(‘sistani hornblende-schists seem in this indirect way to 
have influenced th(» localisidion of tho pegmatites, and incidentally 
of the deposition of mica, for according to Ifj’. Ghosh, the Litter 
would have crystallised within the walls of any ‘ country ’ provided 
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tho poginatitic liquid ^vas of ilio roejuisito c.ompo.sitiou and the other 
conditions remained the saiiui. 

The mines being shallow (tiie de(q)(f.-.t working mine, riz., the Shah 
mine, is only 2‘JO feet), nothiiig dcstinite is known al)out the l.eliav- 
iour of th(‘ pegmatites and mi(;a. deposits in depth. TJie character 
of the pegmatites, as observed within this small range of de])th, 
seems to vary in the different mines, and sometimes oven in the sanu^ 
mine. Thus at the Tellabodu mine, of the tw'o pegmatites, tin* 
lower one changes its dij) to the north from tlie original westerly 
diri'ction, at a depth of 100 fiM't, and becomes thinn»>r, and the mica 
bc'(!OUi(s brittle; but the upper ])egmatit.e continues in ilepth with 
its original direction of dip, and maintains the oxcelhmt (diaracter 
of its mica. In tlu^ Hliah miiui, the dip ol tlui ])egmatito (dianges 
from south-W('st to north-west at 200 feet, })nt tlui character of the 
mic.i im})roves. In some eases, the ptigmatib^ is aidually impov- 
eri.shed in mica-content as it is follow^ed in depth ; but the iniiuis 
have never f)eeu carried deep enough to provi^ that richer deposits will 
not b(‘. found at a lower level. So far no instance is known whore 
tlie pegniatito lias a<ftually pinched ont, as in the Kodarma area, 
Hihar. At this stage of de\’eIopm<int of the nining properties in 
Xellore, it seems, according to J)r. (Tho.sh, [treunaturo to attempt 
to foretell the behavioiu* of the mica in depth; but he rccordt 
that with most of the mines that have followwl sci(‘ntific methods of 
development and working, financhd success has resulted. 


Natural Gas. 

(53. The occurrences of natural gas at Jagafia in Kathiawar 
and at Ifaroda, situated respectively to the vest an<! east of the 

Gulf of Cambay were investigated some yeais 
Kiifhiflwflr, Boinbny the late Captain It. W. I alnier , and 

Presidency. this work v/as held to justify the view that 

the Tertiary rocks from which this gas was 
knowui or presumed to be d(;rivcd underlie large parts of the Gulf 
of Cambay and the alluvium at the head of the Gulf. 

Some 12 years ago natural gas (with saline water) was tapped, 
in a bore-hole at Gogha (21° 41'; 72° 19') in Kathiawar, and Dr. 
P. K. Ghosh was asked last year to investigate this occurrence. 


» Itec. Oeol Svrv. Ivd., LIV, pp. 26-29, (1922). 
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The north-east coast of Katliiawar. where Goglia is situated, 
is made up of Uj>{)('i’ Teitiary strata e.oiiiposf'd of alternating eal- 
careon:-', sandy and clayey la'ds, the. latti'r ’pn-juniderating in depth. 
These, sediments rest on a phdfoini of the Decean trap basalts, 
and ine.r<'ase iji thickness as the shores of tlie Gulf of Cambay arc* 
approached, and provide the ivservoirs from which gas a)id water 
are dc'rived. According to J)r, Giic^sh, there are tltree water-bearing 
sands above the gas sand, the lowest of the water-bearing sands being 
ienmediately above the gas sand. The gas beariijg strat.um is 35 
fc'.ct thick, and oc'e.iirs at from 812 to 817 feet below' tlie ground-hived. 
Boriicg was - e<mtiniied tlirough thi* Tertiary strata to a deptli of 
feet. ; bn' the first 813 feet tlu; hole was lined with fight-ineh 
casing ; betweem 813 and !)b7 fec't tlso diameter of tlic; casing was 
reduced to b:X inelics; and the rest of the Loro-holt; remained 
nnlincd. Tlie six-inch ca.dng was brokt'ii at a dojlh of 702 feet from 
the surface. Ur. Ghosh infers that the annular sjtace between the 
eight-inch and six-in(;h casings is not scaled, and that it is due to this 
defective construction that tlic gas and water flow' simidtancously 
into the borc-holc fvoiii the surrounding strata. This ul.^o gives 
rise to the possibility of the gas sand being invaded by water, 
and the gas being driven into pockets of uneconomic dimensions— a 
state of atfairs higlily tletriruental to tin*, lib*, and the. future 
tlevelopment of a poteiiti.il gas re.servoir. 

The gas has been Lssiiing, ■juesuniably at a fairly liigh jircssuro, 
for the past twelve years, hlven at the time of Dr. Ghosh's visit, 
the gas wlien allowed to caitch lire, burst iido steady' and vigorous 
flames about live fc'ot high. It is an easily' inllannnable gas, and 
according to Iho rcfiort of tlie Industrial Chemist to the 
Bombay Government, the total liydrocarbons calculated as methane 
form 81-8 per cent, and the calculated B. T. Us. per cubic foot are 
870, the heat value bdiig thus r]ui{e high. The helium content, 
according to Dr. Watson of the Indian Institute of tSeienco, Bangalore, 
is J jiart in 8,000 -too low a percentage for tin? gas to be of value 
for the extraction of helium. The ‘closed’ and open pi'c=:snres 
of the gas could not be measured as it was issuing with water, TTow'- 
cver, from consideration of the dojitli of tin* ga.s sand below the 
surface, and the recorded observations of the ‘closed ’ gas pressure of 
the wells in the Tertiary strata at Baroda and Jagatia, probably 
forming parts of the same Tertiary basin of sedimentation as Gogha, 
Dr. Ghosh estimates the ‘ closed ’ pressure to be 220 lbs. to the square 
inch at the minimum. 
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Careful field ob.^ervatioiis prove that the strata have been throvvu 
into trc'ntlc K.-W. syneljiies and anticlines—structim s hijihly suit¬ 
able for tin* accuniulalioii of gas. Tin* gas-field su])plying the Gogha 
oiit])iil lias an estiniati'd niinimiiin e.vteiit of 12 square miles. Tlie 
])(>i<»sil \ of du' nas sand is not known, but iissuming it to be 20 ]k‘ 1 - 
eeiil., I)r. Cliosli estimates that llie oijginal gas ionteiit of tlie lii'ld 
\sas about million ciiliie ba't. I'la* o|en-IIow j)ies.sme ol tlie 

gas iiot bi'ing Icnov n,. the rate of flow cannot be determined, 
nor can the life oj the well be predicted with certainty. Then' 
is, however, no doubt tliat a considerable amount of a valuable 
material lias l.een allowed to run to waste, and there can be no hesi¬ 
tation that further escajie of the gas should be jiievented. 

The structure ol the Tertiaiv bi'lt of Noith-Kast Kathiawar, so far 
as it was jin.'^sible lor i)j. Chosli to ascertain during the time at his 
dis[)osa.l, seems to be favoiiiabh' to the accumulation of gas. In 
order to ('\plore the nossildlity ol striking fresh occurrences ol gas, 
and to have more precise data of the extc'iit of the gas-field, the 
nature of the gas sand, and the undcu’ground structure in general, 
finll'.c'r borings are nc'cc'ssary. Dr. Ghosh has selected six hxal- 
ilic's at which it is dc'sirablc to drill. 

Petroleum. 

Gl. (Hiarge of the oflicc of Kc'sich'iit Geologist, Yeiiangyaung 
Oilfii'lil, was hc'ld b\' *Mr. (/. T. liarber nmil the llltli jVbii'ch, iDd.'i, 

Rcsidi-nf lk-ol»Kisl. ''''■• fill' Jillll 

YcaanuyuiiiiK OilficlcJ, March, lyild, for the remainder of the ycair. 
**“''"’‘*'* During the; year the Burma Oil-h'ic'lds (Amc'iid- 

ment) Hill, IDdO, was passed by the Durma Legislative Council. 
The Dill has two main objects, liist to eiisiiri' that eonIrol over drill¬ 
ing operations i.s exereisc'd automatically as soon as drilling begins 
in any part of the provinei', williout the need which exists under 

the ju’cseiit Act, of notifying an oilfield, be- 

fAm“n!lnien.)'Si“3. 'Vardwi cau .-.wreiBe his iwwcr of 

control. The sei;oiid is to pjovide that the 
control to be exercised sliall embody a policy of conservation of gas 
as well as of oil, and of prevention of waste. In anticijiation of 
the enactment of the Dill the Resident Geologist collaborated with 
the Warden, Burma Oiliields, in the drafting of the rules which the 
Local Government will be eriijiowered to make for regulating all 
matters connected with or subsidiary' to any operations for the winn¬ 
ing of oil or gas or both. 
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vacuum to weils in the 
Reserves and their 
borders at Yenanj^yauni;. 


65. The Resident Geologist was consulted on technical matters 
arising out of an ap])lication for a revision of the orders ^ perrnitt- 
Thc application ot ing a gcuieral incn'ase in the degree of vacuum as 

applied to w(*lls producing from certain hori¬ 
zons within tJie Reserves and their borders 
in the Yenangyaung oillield. In tlie course 
of a length}' order the financial Coimnissioiier, jJurma, concluded, 
inter alia, that within the life of a W’ell tlnue may he a jjeriod during 
which the application of a jnvssun; lowin' than atmospheric may 
result in an increasi! in the ultimate rocov ry from that w'ell, hut 
that the application of vjiciium before or after this period muy be 
harmful from the point of vimv of recover}’. As a corollary he 
(;oncluded that the simultaneous a])})Iication of a uniforndy reduced 
pressure to a large mmd>er of wells which, at nny given moment, 
ar(‘ at dilYerent stages of t heir product ive lives is normally likely 
to ri'duce tlie ultimali* lecovery from a licld. (Jji the other hand 
he found, on the evidence bi'fore him, that, while all wells w'erc' not 
affectcfl alike, the apjilieation of a vacaium in many cases resulted 
in an increased rate of [troduction, this being not lU'cessarily alwa}s 
synonymous with an imu'i'ase in ultimate rcctn'i'iy. Tie concluded, 
however, that in tin* c.isc of wells which arc. nearing the clos<‘ of their 
economic life, an incri'ase in the jate of pj'odiiction risults in an in- 
c,rease in the nltimati' reeovi'ry from such wells since they might 
otherwise be jilngged and abandoned. The h'lnanc.ial Commiss¬ 
ioner then examined the question wdiether then* was any areal 
segregation of such wells and eonelnded that hy choosing a line 
running jiarallel to the axis of the held, an etfeetivo segregation 
could be made inasniucli as the great majority of the welLs west of 
the line were small produeers, whih* the. majority of the larger wells, 
to w'hich, in liis opinion, the apjilieation of an increased vacuum would 
be premature, were situated east of tliis line. Tie therefore direct¬ 
ed, subject to the provision that no pressure less than atinosjiheric 
should be maintained at the well head of any widl producing from 
below the horizon of the 3,00d-foot gas sajid as defined in the 
Warden’s provisional order dated the T5th August, 11)27, that on 
and after the 1st March 1934, a vacuum of 7^ inches of mercury 
might be applied at the well head of wells on sites intersected b}' 
or west of a line which he defined, and that on and after the Jst 
September, 1934 a vacuum of 10 inches of mercury might be applied 
at the well head of wells on sites intersected by or west of a line parallel 

» Vide Bee. Oeol. Surv. Ind., LXII, p, 38, (1929). 



46 


Records of the Geologiad Survey of India. [ Vol. LXVJ 11. 


to and U(K) f('(‘t to llio west of tlir lino ulroady inonlionod ; his 
o])j(c.t in doliniii}^ i\ H<‘cond line'. Lting to sot ii]) a hajrior zone to 
Toduco any unfair advantagos that might aoerno tliroiigli the ap¬ 
plication of diftorontial ])i(‘s,snros amounting to 5 inches of morciiiy 
to ^voll.s drilled on adjacent sites. 

The proving of remunerative produetioii in the lov\er saj'ds in 
th(' nortli-eastern part (d the Twingon Kesej've resulted in the 

deeptming of many Avells in this ])a.Tt of the fiekl. 
'I’lu' resultant drilling pi'olilems ernisideiahly 
incj'eased tlu' work of the Advisoiy Board as the easing jadicy and 
the inspection de[)ths for i‘aeh widl \v(‘re pieserihed by a s^a eial order 
in each ease. Among the miscellaneous ([uestions on uhieh llu' 
opinion of the Hesidciil ({cologist ^^as given weie questions relating 
to the storage of oil at jnessures other than atinospheiie. to Diesel 
fuel oils, anil to leasing. 


Alisccllaneous. 


OG. During the month of Mare-h, Mr. E. It. (Ii'c visited Jatta, 

(IjiT 18' 80"; 71 17' 80"), Kohat district, North-Wi'st Frontii'r 

Province in order to advise the authorities 
Salt mine at Jatta, - i i i- a u i> i 

Kohat district. North- <'* ‘‘ii' .Nitrthern India. 8a.lt Bevenuc Depart- 

West I'roiitier Pro- ment ri'garding the extent and ViOrkability of 

till' ro' k-salt deposit,s of the .Jatta mine hill. 

The excavation of tlie .fatta mine was commenced in July' 1925. 
In the middle portion of the Jatta ridge, massive griy and trans¬ 
parent salt, with dark bituminous bands and intercalations of 

red clay and soft friable .sandstone was ene.ount<*red, and three 
small chambers were excavated. Owing to the dangei- of roof- 

falls and possible instability of pillars as a ri^sult of tin* soft (day 
and sandstone band.s, and also to the ftwt that j[)ot-hoDs Jilhxl with 
debris were met with, the mine was closed in August, 1932. 

Mr. Oei* suggests that a largi* ((iiantity of rock-salt probably 
continues in depth and to tlu! west within the ridge, and should 
the authorities desir<j to continue the exploitation of the salt by 
underground mining, he is of the opinion that attempts should be 
madc at a mmdi lower level in imlor that the workable area within 
the Jatta anticline may be considerably increased and the danger 
from pot-holes avchded. He points out, however, the following 
factors against mining the salt underground at the present time:— 

(a) Kxtrg cost compared with quarry-working. 



Pakt 1 .] General Beport for 1933. 47 

{b) of roof-fivll.s oji account of plastic clay bauds 

tl)c soaTTis. 

(r) Pj-escncc of larjic (piantiiies of rock-salt, accessible by cjuarry- 
iiig, in file area just to the east of the mine. 

Fr(Uii the open quarries, tln^ annual output of nearly four lakhs 
of niaunds has been lari^ely obtained, Mr, (lee, is of th(5 opinion 
that a reserve of salt is available for (piarry development within this 
eastern portioji of the Jaffa ]'idg(‘, suHicient to maintain tlie pn'sent 
output for a large number of years--probably at least half a century. 


Sainarskite. 

07. Sainarskite is recorded by Dr. Jh K. (Ihosh frojn tic disused 
Kondaiidaiama mica mine, near Pailapalli village (bb'21' , 7h”t5'), 
about sevdi miles to the N. N. E. of the iSankara mine, Ncllore 
district, where sainarskite was formerly obtained. Tlic mineral, 
associated witli liuematite, occurs in a po(‘.ket about three h'ot wid(>. 
aud livt' feet deep, in tlie alluvium at the north-western edge of the 
mine. The pocikct could not be traced in the horizontal direction 
to any appreciable ('xtent and the (piantity of the mineral is very 
small. The deposit is, therefore, of little economic importance. 


Soapstone. 

<)8. Dr. Dunn reports several further deposits of soapstone, 

which are worked by tlie local villagers, at 
Siiittlibhuin district, m i i i ^ i i e tr ^ 

Bihar and Oris.sa. Bhelaipalian aud two miles east of Kokara in 

Dlialbhum. 

Dr. Dcy reports similar deposits near Mahespur (22'' 23': 

,30') and Burudih (22" 22' : 8G" 31'), Dongadaha (22" 21' : 86'’ 34'), 
north-west of Khejurdari (22'’ 24' : 86° 33'), and north of Digha 
(22° 3!)' : 86° 32'). All of these doposists were workc'd till rccimtly, 
and the two last mentioned are still being exploited. 

A rock made up of soft apple-gri'en flakes of talc resembling 

books of mica occurs miles west of Chirutanri (22° 24' : 86° 34') 

and on tlie hill-.slojies east and north-east of Mahespur. 

6t). Dr. P. K. (Jhosh notes the oecuiTenco of a deposit of talc, 

half a. mile west of Jlirla Tippa (14° 12' : 70° 44'), Nollore district. 

Jt. is of tin* massive variety, and is rather impure. 

Nellore district, i i. -i. • • j f ifi r ^ £ 

Madras Presidency. but it is quarnefl for the manufacture of 

household utensils. 
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Soda. 

7(>. Dr. Gliosli records that durinji the dry inonlhs, llio alluvium 
aloufr banks of tlie Bokli and the Khari rivfis al T’arantij in 

the Alimedabad <listnet yields incrustations 
Ahinedab^ad^dislritt, sodium salts. In thes(' efT!oivse,('nc.(^ sodium 

esirhonate pr(*ponderat('s and forms ronuldy 
from 4.‘1 to .h!) per cent, of the material scraped from the surface. 
The otln'r salts of sodium preseni, arc* chieny t-he chloride, with 
subordinate amounts of the sulphate* and the, bicarbonate. 

The local people treat a cotic.entrated solution of the; salts, 
scraped from flu* surface of the (*artb, with burnt htukar, for 
the production of caustic soda. 

The caustic soda solution is then mixed witli the locally obtain¬ 
ed iHohuv'd oil and tin*, mixture evapoiah'd to drynt*ss; tin* dry 
product is rolled into balls or cut into cakes a.nd sold as soap. 

The process of soap manufacture by the above ]m)C('ss is very 
eu’ude, but the Ikmdeay Government have taken the inakter in 
hand aufl are o(T(*rin^' advier* for the betterment of this local iinlnstry, 
which is said to yield an a,nnua,l income of over two lakhs of riij)»*c"<. 


Water. 

71. .\ti the. request of the ,Su])(*rint(*udin;f Mn;^in(*er, Public 
ITealth (hcle, Bihar and Orissa, Dr. ,J. A. J)unn was dejnited to 

visit JIanchi and cive advice com-erniiiff sit(*s 
Orissa*^*"’ “ntt wells in tln^ compounds of tin*, J)istrict 

.fail and lln* Itainlii Sadr Hospital. 

72, Durinj' tin*, course of held work in tin* Punjab Salt lbui”(*, 
Mr, H. K. Gee continued his observations on the water-supply f)f 

tin* area.. d’he tract covered by him diiiin^f 
^*'*Range Punja^b*^*’ season includ(*d the north western 

part of the Shahpur distri(;t. it may be 
divid('<l into the followinji sub-areas: — 

(i) Alluvial plaitis to the south of tin*, ranee; between (Jhoha 
(32” 2P: 72” P 30") and Golewali (32" 29': 71” 50' 30"), 

(ii) Villages on the scarp slopes. 

(iii) Villages on the Salt Jlange plateau. 

(iv) The hill station of Sakesar (32” 32' 30": 71” 66'). 
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Regarding these tracts Mr. Gee comments as follows:— 

(i) Tlic plains at the foot of the scarp include the following 
villages-Choha (32" 24': 72" 1' 30"), Warcha (32" 25': 

71" 58'), Golcwali (32° 29': 71" 50' 30") and Rulchla 
(32" 27' : 71" 57'). In the case of the three former 
villages, the water requirements are obtained either 
fi'om artificial tanhs or from springs flowing from the 

jocks of the scarp some distance fiom the villages. At 
Riikhla (Wai'clia Mandi) is an cllicient scheme; spring- 
water fjom the JVoduct.us Limestone outcrop about 
three miles up the Jarhanwala gorge- being carried in a 
j)ipc-line down to the village. Other villages, situated 
at gjeater distances from the range, depend solely on 

artjticial tanks and it is unliki'ly that w(*lls, sunk in 
these areas, would yield supplies of swcj-t water. The 
oilly remedy is the installation of pipe-lines fiom the 

springs of the Balt Range scarp. 

(ii) Jtegarding tluj villages situated on the scarp slopes, these 


are usually dhoks and hamlets, obtaining their water- 
supply from tanks or local springs. 

(iii) Tin; plateau tract of this north-western portion of the 
Bhahpur district inchuh's the folh)wing large villages— 
Khabakki (32° 37': 72" 11'), Mardwal (32" 36' 30": 
72" 10'), Anga (32" 30' : 72" f/ .30"), Kotli (32° 36' : 
72" 2' 30"), Naiishahra (32° 34' : 72" 9'), Kufri (32° 
32' 30"; 72" 5' 30") and Uehhali (32° 32': 72° 1'). 
TIjcsc villages are situated either on the alluvium of 
these, Jipland valleys or on the adjoining Npmnmlitic 
Limestones. Their supply of fresh water is obtained 
cither from wells sunk in this alluvium or from springs 
issuing from the base of the Hill Limestones pf the 
adjoining hill areas. 


The water-level of portions of these valleys—as evidenced by 
the existence of lakes at Khabakki and near Naushahra—is very 
near the surface. The water of these lakes is slightly saline and 
unfit for consumption. Wells sunk within a short distance of 
them, however, tup a good supply at a shallow depth. Nearer the 
edges .of those valleys, at Nausbahra and Anga, the water-level 
falls to nearly 100 feet below ground-level. Perennial springa 
occur in the hills south of the Naiishahra-Uchliali area, at points 


E 
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half a Tnile norili of Rnraldci (??2° 31'30" : 72° 8'), a sliort disfanoo south 
of fCufri, Pattan (32° 32' : 72° 4' 30"), and Kuraddi (32° 32' : 72° 
3' 30"), and also at Kotli. 

The small liill stalion of Sakosar depends for its supply of fresh 
watc?' on several s])rin<4s that flow frojn the TTill Limestones of that 
area. Wat(T is eolleeffd also in artificial ta.nks. Aftt'r periods 
of excessive drought, Ihe flow from the. spring's near th(' to[) of 
the rid<;e decreases viay eoiisiderahly and the jiroblem of sii])])ly* 
in!( the nei'ds of the station ]>e(a>mes a serious one. 


Ruriiin Ciiclc. 


Mosok Slone Traci. 


Geological Surveys. 

73. During the fieVI season, 1032-33 the Burma Circle cons'st- 
ed of Mr. Fi. L, C. Clepo; (in charge), Messrs. C. T. Barker and 

V. P. iSondhi, and T)rs, M. B. Sahni and 
L. A. N. lyt'r. On ]\lr. C. T. Barber jiro- 
ceedin" on leave ■jireparatorv to retirement on Marcli lOth, 1033, 
Mr. F. J. Bradshaw replaced him as Besident Geologist, Yenang- 
yaung. 

74. The new four-inch to th*' mile maps of the Mogok Stone Tract 
having Ix'cn eomiileted, work' was commenci'd by Mr. E. L. G. Clegg, 

Snpc*rinten<h'nt, and Dr. L. A. Narayana 
Tyer, Extra Assistant Sii|)('rintendent, on the 
detailed gi'ologieal survey of the area in continuation of the work 
started^ by Dr. Coggin Brov/n and Mr. A. K. Banerji. The new 
sheets comprise an area bounded by the Kin Chaung on the west, 
by the Mongmit State on the north, by the Konsan Taiing-Kyini 
'J’aung ridg(>. and its continuation northwards on the tast side 
of the Pinpyit villages (22° 57' 30": 00° 33') on the east, and latitude 
22° 50' 45", i.e., about live miles due south of Mogok, on the south, 
the total area being approximately 170 square miles. The six 
maps into which the area is divided can for convenience be termed 
the De-0, B(Tnardmyo, Chaunggyi-Kyetnapa, Kabaing, Kyat- 
pyin, and Mogok sheets. Of these the Chaunggyi-Kyetnapa sheet 
has been completed, as also have, the greater jiortions of the l^er- 
nardmyo, Kabaing, Kyatpyin, and Mogok sheets. Although the 
most accessible parts of the uncompletcfl sheets have been geologi¬ 
cally surveyed, these parts are also geologically the most com¬ 
plex, cmid owing to the more open and accessible nature of the 
country, the ones in which the most detail can be mjippcd. The 
information derived from these sheets will, it is anticipated, be 



Part 1.] 


General Report for 1933, 


51 


a great help in the more rapid mapping of the topographically more 
diffifadt and densely forested parts that remain to be completed. 

In previous general reports ^ the recognisable types of rocks 
of this area have been dealt with at some length, and with the 
exc(;ption of the cordiei ite-bearing rocks all these types were recog¬ 
nised in situ during the field season. In addition amongst the 
basic rocks a new type was found in the Bernardmyo area consist¬ 
ing mostl}’ of aegirine and scapolite. 

It was found possible to recognise the following divisions of 
rocks:— 


11. Basic and ultrabasic intrusions. 

10. Honibhmdc-aegirine-nejihelinc-rooks and acgirinc-seapolitc- 
rocks. 

9. Augite-granites. 

8. Syenites. 

7. Acid intrusiv(i gneiss(*s, biotitc-gneisscs, garnet-pyroxene- 
gneisses, aplites and pegmatites. 

(5. Quartzite'S. 

5. Calc-gneiss series, comprising scapolite-gneisses, pyroxenc- 
granulites and gneisses. 

4. Crystalline limestones and calciphyres. 

3. Biotitc-garnet- and Inotite-garnet-sillimanite-gneisses. 

2. Carnet-gneisses. 

1. Biotitc-gneisses. 

For mapping purposes, however, it was found necessary to com¬ 
bine divisions 1, 2, 3 and 7 into a group of unclassified crystalline 
rocks, as they alb'inatc so rapidly and are so inextricably mixed 
up and inconstant. Their outcrops cannot be followed owing to 
the thickness of the soil cap, and it is impo.ssible to connect up a 
section noted on one stream with that on an adjacent one. In 
this group are also included occurrences of the other groups too 
small to show separately on the map. 

Of the calcareous suite of rocks composed of crystalline lime¬ 
stones, calciphyres and calo-silicate-rocks, an endeavour has been 
made to map crystalline limestones and calciphyres as one division 
and the calc-gneisses as another. Previously the calc-gneisses were 
shown in the group of unclassified crystallines and not with the 

» JRef. Oeol. Svrv. Ind., LXV, Tt. 1, t>. 80-86, (1031), ami LXVl, I’t. 1, i). 92-96, 
(1932). 

b:2 



52 


Records of the Geological Surpeij of India. [ Vol. LXVIII. 


lilftijstonns anrl (ijilciphyrc's witli whicli they nro genetically related 
and are u.sually found in close association. Where the calcareous 
gneisses <“an he mapjx'd, this has been done and boundaries insert- 
eel : in olher places when; they grade into calciphyres and litne- 
stonos, they liavc been indicated by unbounde'd dotted areas. 

The groups shown on the map arc tlierefore:— 

8. Basic and nltrabasic intrusives. 

7. Tlornblendo-aegirinc-, nepheline- and hornblende-seapolite- 
rocks. 

C. Augite- and hornblende-granites, 

5. Syenites. 

4. Quartzites. 

3. Calcareous gneisses. 

2. Crystalline linnsstonos and calciplyTes, 

1. Unclassified crystallines. 

The basic and nltrabasic rocks consist of tw'o main types ; --{l) 
the Bernardmyo peridotites, and (2) a series of augite-horidjlend('- 
rocks, widely tlistribnted but of small extent. 

The, peridotites of the Bernardmyo area occur in three main 
exposures on a N. E.-S. W. strike?. The most easterly 
ex])osure lies in and tio the east of Kyaukpon (liisu) village 
(23" V ; 90“ 29'). It appears to be a thin sheet of rock dip])ing 
to the south-east })arallel with tfie hill slope, and is int«M'secj.ed 
by a thin vein of steel-gn'y coarse, ]iornblende-ro(;k. The s('cond 
exposure runs south-west from immediat('ly south of Kyaukj)on 
(Lisu) and cuts acro.ss the r),276-fuot ridge into the, Bernardmyo 
catchment area. This also is a sliced, dipping in a south-i'ast 
direction. Distant about half a mile from the south-west end 
of this latter exposure is a third intrusion of poridotite, which cuts 
Mya Tauug (23“ 0' : 96° 28'), and runs northwards towards Py- 
aunggaung village (23° 0' 30"; 96“ 28'). In tlic stone diggings 
situated on this exposure a north-easterly strike is visible, al¬ 
though in general the outcrop is seen only as a series of loose, 
weathered boulders. Other minor exposures occur in the Payaw 
Chaung Valley, and North of Kyaukpon Taung (23° 1': 90° 28' 
30"), both areas lying to the east of and distant about two miles 
from Bernardmyo (23° 0' 30": 96° 27'). The peridotite is a 
medium- to coarse-grained holocrystalline rock consisting essential¬ 
ly of olivine with a subordinate quantity of pyroxene and occasion- 
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ally a few j^rains of iron-ore. Scrpcntinisatioh lias started aldUg 

tho cracks of the olivine crystals in some spechnens. 

Traces of augite-lioriiblemle-rocks can be picked up as small 
boulders in many of the ,str('ams of the area. The bigger exposures 
are found m situ:—(a) about one mile north of Chaunggyi (Kon* 
sati) (22° 58' : 06° 30') on the l.etha Taimg (23° 0': 90° 30') foot¬ 
path wfie.re an aiigite-liornblende-felspar-rock forming a sill is 
intruded by pegmatites ; (b) on tlie south side of the pass on the 
Mogok-13ernardmyo road, as a black medium-grained rock, com¬ 
posed (.>f hornblende, aiigite and a little felspar, as.sociated with 
limestcnie; and (c) near Kyaukpyathat (22° 50' : 96° 23') as a 
chirk' coarse-grained intrusive composed of hornblende, subord¬ 
inate' aiigite, and felspar, with ipiart;« and a. little ealcitc. This 
last rock jiasses into the hornblende-ncipheiine suite of rocks. 

The horvhloKb’-aeyirine-nepheHne-rocks and the hornblende- 
or acylriiU’-scdpolitc-rocks occur as small minor intrusions or bands 
usually associated with liraestone,s, although one small exposure 
noled (hrc(‘ mih*s noitii ol Kyatpyiu (22° 51:' : 96° 25') forms a 
marginal fringe to a syenite intrusion. 'The iic'pheline suite of 
rocks has been fornn'rlv j'etiordcd from the Hinkwa road, but work 
to th(i uest by soutli shows this suib' to have' a much greater 
cxtensioji.' One specimen from the typt; locality on the Sinkwu 
road a ciuarter of a mile jioith-iast of the north end of Sinkwa 
village, (22° 54' 30" : 96° 23') is a medium- to coarse-grained rock 
consisting of a dark greenish brown hornbh'nde with interstitial 
cakatc', lu'plieline, sphene, and iron-ore, whilst from an adjacent 
lociality aiigite is also found in association with the hornblende. 

The pyroxenc-scapolit(i-rocks appear us a fev/ small cxposuri'S 
in the. Bernardmyo vicinity. They are nu'flium- to coarse-grained 
rocks mostly composed of deep green aegiriue with large crystals 
of scapolitc, a little felspar, calcite, apatite and iron-ore. 

The syenites occur as two main intrusions, one of W'^hich around 
the village of Ongaiug (22° 56': 96° 30') has been previously men¬ 
tioned ; the other forms the big hill comprising the village of Ber¬ 
nardmyo and the high ground north of it, the southern boundary 
being the alluvium of the Pyaunggauug (Hiaung. Other .smaller 
occurrences were seen in the Kyatpyin sheet near Thatdutsho 
(22° 56': 96° 28'), Myeme (22° 56': 96° 27'), Kyauklcga Tattn^ 

^Tlie Sinkwa oxpuilurcs uro tlUi eiisicrl; oiiturups of a surios uf bands ocotirring 
Buutli-weat and aurth-eaBt of K>'aukpyatlutaiiauk. 
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(22° 50': 96° 26'), and half a inilc north N. N, E. of Bawlongyi 
(22° 55': 96° 24'). Tho Ongaing occurrence is the most interest¬ 
ing ; its petrological characters have been previously described ^ 
as also its laccolitic intrusive nature. Exposures in the Letnyo 
Taung (22° 56' 30" : 96° 30' 30") (Mogok sheet) and Kyankthinbaw 
Tanng (22° 57': 96° 30') (Chaunggyi-Kyetnapa sheet) leave little 
doubt as to the intrusive relationship of the syenite towards the 
limestone. The Letnyo Taung limestone is a big chunk of lime¬ 
stone and calclphyre caught up and folded in with the syenite, 
the whole pitcliing E. 30° N. Syenite occurs on the eastern flanlc 
overlying aiul penetrating tlie limestone so as to form wedges of 
syenite in the limestone and also occurs as the basement rock below 
the precipitous wcstiTU face of the spur. A similar occurrence is 
seen on Kyankthinbaw Taung where the scarp of the v.(‘stern face 
includes tiiiii bands of limestone caught up by the syenite* intru¬ 
sion. This main syenite occurrence extends north into the 
Chaunggyi valley catchment and north-westwards up the Ber- 
nardmyo road to a height of 5,800 feet. It forms tlie lower south 
and south-eastern slopes of Taungme (22° 58' : 9(5° 28'); and many 
further occurrt'nces of limestone similar to those noted from Letnyo 
Taung, although not so clear, are found in it. The Bernardmyo 
mass is not so well cxpos(;d ; it, also, contains a numb(‘.r of minor 
exposures of limestone and cah^areous gneiss. 

The uugite- and hornblende-granites appear to bo a more acid 
phase of the syenitic magma. They are seen in the Kyatpyiu 
sheet just north of Yebu (22° 55' 30": 96° 29') and in the Ber¬ 
nardmyo sheet in the vicinity of Kyauksiii (22° 57' : 96° 26'), 
whilst the pegmatite seen overlying the limestone at the Kyatpyin 
view point (22° 54' : 96° 24') also appears to belong to this cate- 
gory. 

Quartzites are found only in the Kabaing sheet, although a 
small exposure of vein-quartz in the Kyatpyin sheet half a mile 
south-west of Kyauksin has also been mapped. The quartzites 
of the Kabaing area arc either of a replacennmt or sedimentary 
nature. They occur in association with calcareous gneiss, one 
north of Myainggyi Chaung, and the second mostly on the souch 
side of the Mogok-Thabeitkyin road between miles 45 and 17. 
The first band mentioned passes imperceptibly into calc-granulitc 


^ Bee. (Heol. Surv. hid., LXY, pp. 81-82 and 86, (1631); and LXVl, pp. 94-96, (1932). 



1’art 1.] 


General ite'portfor 1933, 


56 


at its north-easterly end, wliilst the southerly one shows higlily 
jointed clilf exposures, is more coarse-grained than the former, 
and includes cavities in which scricitc and some magmetilo are 
present. 


The limestones, calciphyres and calcareous gneisses are practical¬ 
ly always found in association and grade from one into the other. 
There are, however, places in which only linrcstonc is found and 
others in which calcareous gneiss appears alone. At first sight 
they appear to be more or less discontinuous bands following a 
general E. 30^^ N. strike, thus conforming to the general strike of 
the ‘ country ’ rocks. But from a survey of the sheets mapped, it 
s<'ems probable that tliesc separate e.vp(^sures represent once con¬ 
tinuous calcarc'ous strata, the presimt separation of the exposures 
being due to the combined effects of iid-rusion by sycuitic and 
granitic rocks, of folding, and of denudation. d'he manner in 
whicii tlie ])lutonic rocks have eaten into the base of the limestone 
is well illustrated in the Uyin CJiaung valley, on the south-eastern 
slopes of Cliinthc Taung (22' 50' 30"; 00" 20') and the nortJi- 
eastern slopes of Ihugu Taung (22" 54' 30" : 00" 25') in the, Kyat- 
pyiji sluiet, whilst folds are seen in the Jimestoni's west of Bankwe 
(23" 1'; 0(r’ 31') and Eetha Taung in tin; Chaunggyi-Kyetnapa 
sheet and also in the Mogok valley norlh-iast of Myejiigon. 
(22" 55' 30" ; 00" 31'). An E. 30'”' N. pitch of the Ihnestones seems 
to point to a similar pitch for the whole area. This pitch is well 
seen at Myenigon and Onbin-Yedwet Taung (22" 50' 40" ; 00" 32') 
ill the Alogok sheet and [irobably better, vicst of K)'etiuipa (23" 
2' ; 00" 31') and at i’inpyit in the Ohaunggyi-Kyetnapa sJieet. 
At Tinpyit a heart-shaped mass of granite with accompanying 
pegmatites projects through and is enthcly surrounded by either 
limestone or calcareous gneiss, whilst the scar]) at the Avestern 
end of this ihnpyit exposure appears to Jiavc been faulted by an 
intrusion. At the base, the limestone suite lias been jienctratod 
by tongues of plutouic rock, sometimes a])proaching hi pur lit 
injection, whilst breaking across the bedding lias in some eases 
led to the isolation and totally inclusion of masses of tlie Jimestouc 


series. 

In one place in the valley south of Alana (23" 1': 96° 34') 
(Cliaunggyi-Jvyetnapa sheet) in the stream-cutting, the limestones 
are exposed as a series of bands in which the following alternating 
succession was noted:— 
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Lirtiostono. 

Calc-j<n('i3s or calcii)hyro. 
Granite. 

Cnlc-gnciss or (3alcipliyre. 
Limestone, 


I’liese limestones pitoli out furtlicr to tlie cast and give place 
to qiiH,rtzitcs near (^liaiingzon (23° 2' : 1)0° 35'). The ))etrological 
cliaJ’actorlstics of the limestones ‘ caleiphyres ’ and ealc-gneisscs will be 
found in the OeiK'ral Reports for 1930 and 1931.^ 

Prof. Adam’s ^ statement that the. limestoiu's and gneisses 
exposed e.ontimiously from Tliabcitkyin (22° 53' ; 90° 1') to Mogok 
(22° 55': 90° 33') strike north and south is not borne out in general 
in the Mogok-Tliabeitkyin area. I’ossibly Prof. Adams made this 
general statement from two or thre(? local exposures or by mistak¬ 
ing pitch for strike. North of Kathe (22° 51' 30": 90° 20'), for 
instance, a nortli-soutli strike of tlie Imu^stone is visible for a short 
distance in the continuous exposure which runs north by cast 
through Pyaimgbyin (22° 55' 40": 90° 20' 20"), due east tJirough 
Bawpadan (22° 50'; 96° 27' 30"), arid tlien soutli of oast into the 
Y(;bu valley. The easterly pitch of tlie Lotiiyo Taung limestone 
also giv(i this false impression of a north-south strike. 


In the umlassijied cryslalline group of rocks are included all 
types of such small extent and rapid variation and so much obscur¬ 
ed by weathering and soil cap that it was impossible to map them 
separately. Jjatcr when the whole area is completed, it will prob¬ 
ably be possible to show the big mass of tlie Jvabaing granite and 
other similar though smaller granitic intrusions se.paratcly on the 
map. In general these imclassilicd crystalline rocks appear to 
be the metamorphosed derivatives of argillaceous and arenaceous 
sediments which have been intruded along their planes of schist- 
osity by a series of granites, syenites and pegmatites. They 
consist of biotite-granites, garnet-granulites or gneisses, garnet- 
sillimanite-gneisses, and biotite-garnct-sillimanite-giieisses, together 
with intruded aplites, pegmatites and granites. South of a line 
running E. 30° N. through Mogok, the former types ap 2 )car to pre¬ 
dominate, wlrilst north of this line the intrusive rocks play a much 
more important part. 


‘ Uec. Qeol. Sitrv. Ind., LXV, pp. 82-83, (1931); ami LXVl, jip. 92>9G, (1032). 
Van. InsU Min, Mel., 169, pp. 234-5, (1926). 
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I'ho gariiDt-graiiulites iieal' Mogok aro very mucll woafchottid 
and cverywhert) intruded ])y veins of pegmatite. Prof. Adams 
considers them to bo a series of ‘ highly altered and granitlsod sedi¬ 
mentary rocks.’ Mr. Banerji records that the ridges sontk-east 
of Mogok valley known as Nankaung Taung, and Zalatni Taung 
south-west of Mogok aro formed of these rocks. In the Chaunggyi- 
Kyctnapa- sheet, south-east of the Cliaunggyi valley, garnet- 
biotitc-gueiss and garnet-gneiss aro predominant. On the north 
sidii of the Chaiinggyi valley, intrusives are more in evidence, the 
rocks varying from atad to intermediate in composition and coarse 
to medium in grain, but west and south-west of Letha Taung 
garjiot-biotite-gneisses with intruded acid pegmatites again predom¬ 
inate. Some of tliese garnet-gneisses, which also contain pyrox¬ 
ene, may be analogous to leptynit(\s or garnct-granulites. In 
the south-(.'a.st corner of tlie Bornardmyo sheet the promiliant mass 
of Taungmo is a biotite-gneiss intrusion. But between this intru¬ 
sion and the Bcrnardmyo syenite intrusion, garnet-silllmanite- 
gneisscs occur in local patches.^ 

In the, western part of the area the Kabaing granite gives a 
<5haraeteristic topography and probably has a wide extension to the 
north and north-east. This is a distinct biotite-graiiite of a 
unifojm character and appears to bo the most recent of the acid 
intrusions. 

75. l)r. Salmi continued the survey of the Northern Shan States, 

completing the remaining portions of slieets 93 E/9 and 93 E/14 

and, with the exception of a small area in 
Northern Shan States. ^ ^ i • i t • • 

its north-western corner which lies m Chmeso 

territory, the whole of sheet 93 E/i3. The present held season’s 

work practically completes sheet 93 E. 

The following succession of rocks is met with in the area surveyed :— 

4. Alluvium. ..... Recent to 8ub-recciit. 

3. Nam Yau series .... Middle Jurassic (Bathonian). 

2. Plateau Limestone .... Devonian to Permian. 

1. Chaung Magyi series . . . Pre-Cambrian. 

The Oiaung-Magyis form a belt of varying width striking N. B.- 
S. W. and constitute the oldest sedimentary rocks in the area. 
They consist of grey and purple unfossiliferous sandstones, slates, 


^ Since this ^out to Preis I hivo vUitol the Barnvrdmyo tract with Mr. Clegg and I 
find that Borne of the gamet-Billitnamte-gneissei are idenllual with Khuadalite —L. L. F. 
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quartzitos, and groyisli white phyllitos and generally dip at high 
angh^s: they weic considerably folded and cnishod before the 
overlying forinations were deposited. They are of Cambrian or 
I’re-Cainbrian age, being usually regarded as the latter. 

Th(5 Ordovician and Silurian formations are absent and are 
probably overlapprid by Plateau Limestone, since further south^ 
these formations liave been mcit with underlying the Plateau 
Limestones in the core of a dome-shaped fold. 

The dolomites of the Plateau Limcslonc also form a narrow belt 
of rook with a similar hi. JL-S.W. strike. The beds generally dip 
at low angles iudieativo of gentle folding. The only fossil found in 
them was a lusulinid allied to Schwayerina. 

The t:quivalents of tin*. Namyau .series constitute the most fossil- 
iferou i formation in the are-a and ihe.ir age is therefore known with 
certainty. Dr. S.ihni found a number of new fossiliferous localities, 
which yiekled several lamellibi’anclis not jireviously found in the 
area. The list of fo.ssils collected is given on pagii 2], 

The pros<unio of llolcolhijris and Burtnirhynchia proves a Middle 
Jurassic (Lathonian) age for these beds. 

To the i‘ast the Jurassic rocks are brought against the Ohaung- 
M.igyi series by a fault, while to the west they overlap on to the 
Plateau Limestone. 


In addition to the above stratigrapliical succession, there exists 
an enormous mass of granite intrusive into the Chamig-Magyi 
series. ft forms a part of the Tawng Peng granite and among 
the rock types associated with it are (1) coarse-grained biotite- 
granite, (2) quartz-felspar-porphyry, (3) scricite-schist, (4) muscovite- 
granite, (5) mica-schist, etc. 


Southern Shan States. 


76. Mr. V. P. Sondhi continued the geological survey of the 
Southern Hhan fcJtatos on which he has now been engaged for three 

held seasons; anti in the period under report 
he completed th<i survey of sheet 93 II/l and 
the greater part of sheet 93 0/16. A short description of the rocks 
found in shoot 93 11/L is included in the paper entitled ‘ The Goo- 
logy of the country between Kalaw and Taunggyi, Southern Shan 


^ Geaoral lleport for 1932, page 45. 
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States In shoot 63 C/16 tho 
mot with:— 

Alluvium . . . . . 

High-level stri’am dopoHits 
Up 2 )L>i‘ LHaleau Limestone 
Lower Tlateau Limestone 
tJraptolite beds . . . . 

Ortlioceras beds . . . . 

Hkawngbpo beds and Tbitteikkon 
stone ..... 
Mawson scries .... 


following rook formations were 
. Recent. 

. Sub-Recent to Ploistoceno. 

. Permo-Carboniferous. 

. Devonian-Carboniferous. 

. Silurian. 

Do. 

. Pindaya beds, Ordovician. 

. Ordovician. 


Tho most important perennial str(;am of tht; area is the Zawgyi 
chauny, which rises at tho foot of the I’indaya range about a mile 
to tho w(ist of Zawgyi village (20^^ 59' : 96° 40') in a largo spring 
with a copious outflow. It enters sheet 93 C/16 at Mongang 

(21° 4' : 96° 43') and then follow^s a north-easterly coimse for about 
12 miles through a narrow valley before it emerges on to the Jjawk- 
sawk plain. Tlie dciposits of the Lawksawk plain consist of soft 
sandy clay with (Kamsional layers of pebbles. These deposits are 
being deeply oro<led owing to tlu'. rejuvenation of the Zawgyi 
cluiuny and in places the stream has cut a channel to a depth of 15 feet. 

In tho Ilkawnghpo-Mongang plain, under a suporfi(;ial layer of 
soft sandy alluvium, there exists a thick deposit of rolled bounders, 
clay and sand, washed down from the high ranges (as yet geological¬ 
ly uusurveyed) to th(! west, and in tlio mughbourhood of Mon¬ 
gang tho bed of tho Zawgyi is littered with these boulders, which 
convey the erroneous impr<'Ksion of having boon brought down by 
this sti’eain. Similar boulders are of widespread occurrence in tho 
area, and are occasionally found at elevations of from 100 to 150 
feet above the banks of the existing streams. Just to the north 
of Mongang they cover two broad hump-shaped hillocks, and indic¬ 
ate a period of torrential floods in sub-Ecceut or Pleistocene times. 

Plateau Limestone occurs in a number of small exposures in tho 
south-western quadrant of the sheet, in places resting hko a cake 
on top of the steeply inclino<i phacoidal limestones of older Pala} 0 - 
zoio ago. The main outlier of this rock formation runs along tho 
wostorn boundary of the Maw'son-Lawksawk ridge, with, it u 
bcliovod, a faulted junction. It starts at the .southern oiid of tho 
sheet in a narrow irregular band that broadens out to its maximum 
width of about three miles in tho latitude of Mongang. Gradually 


^Rec. Qed. 8urv, Ind., Vol. LXll, Pt.2, (1933). 
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narrowing it coutinuos to tho north for about ten miles before it 
disupjieara uii(l(*r tho Lawksavvk plain near tlui north end of tho 
shoot. It is cut obliquely by the Zawgyi chaitug. 

For tho greater part tho r(x;k is dolomitisod. Tho pur(5 liino- 
stoiios occur in local patches usually forming crags and knolls, and 
aro at places fossilif(nous. All tra<;os of original bedding has boon 
destroyed, so that over long htrctchos no dips are seen, but when- 
over present they aro (easterly. 

Other outliers of tho I’lateau Liiiiostoiie wci-c mapped at Wan 
Fnpas (21° 12' : 96® 51') tixtencling due soiitli as a narrow wedge 
between rocks of Ordovician age; and at lJa^vksa\vk, where tluiy 
form the low hill crested with tho Sawbwa’s Haw (Palace), and 
the elevated rolling ground to the v'ost of tln^ town. Hveiy- 
whoro they possess the usual monotonous chajacter ]>eculiar to 
this rock formation in other parts of the Slum States. 

The chief geological interest of the area covci'od by this slnxd 
lies in the rocks of Lower Palaeozoic ago wliicJi form the Mawson- 
Lawksawk ridge and the elevated diss(M‘.te<l ground north and cast 
of ]lkawngh [)0 (Gaungpho) ; (21° 9': 96° II'). In the southern 
adjoining sheet, 93 I)/13, rocks of Lower kaheozoic age were split 
up into (1) Orthoceras berls, (2) I’indaya beds and (3) Mawson seilos. 
In the south tho oatcroj) of Orthoceras be<ls bordering the. Mawson 
series on the west was found to terminate shoj'tly after entering she<*.t 
93 C/IG where it gives place to Plateau Limestone. It crops out 
again however about two miles further north where some excelhuit 
sections of pink phacoidal limc\xtoney are seen dis])laying a general 
anticlinal structure. 

The pale fissile mudstones of the elevatctl ground north ami 
t'ast of Hkawrighpo arc perhaps tho local reprc.sontativos of tho 
Pindaya beds of the southern a<ljoimng sheets but in view of 
certain lithological and faunal differences it has been considered 
better to give these the local name of Hkawnghpo beds until Dr. 
S’. R. Cowper Rood has completed tho examination of the fossil 
collections sent to him from this area. 

The Mawson series is represented in the area under report by 
a dark grey, tabular, and highly jointed limestone gfuieraliy show¬ 
ing a characterLstic pattern of brownish blotch(*s, usually in-egular- 
ly disposed, but sometimes arranged roughly in lines. The brown 
patches resist denudation much better than the, enclosing limestone 
so that they stick out in sm^U irregular sharp ridges or knobs on 
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tho wo;it}ic](i(l surface. An analysis of a sample of these showed 
them to he. mostly argillaceous matter with some free silica. 

Tlicn^ arti t]ire(‘. distinct outcrops of these Motchy limcstonos 
separated hy di'iposits of mu<lstonc and argillaceous limestone. 
The i)iiuej])al exposure of the argillaceous limestone forms the 
Thit.(i<‘kkon range, but does not extend south to sheet 

D.'l the next exposure to th(! oast continues to the south 

forming })art ol tlu* highlands north-east of Mawson, where it 
wa.:; mappeal as a member of the Mawson series. On a detailed 
examination of the sontlunii portion of th«) she(d 011 0/1G, it became 
]uaj(\ss!uy to separab* tlu^ argillaceous deposits of this region frpip 
the blotchy limestones and to map each of them as dif^tiuct units, 
as iti ad<lilioii to llui difference in lithology mu.st now be added a 
faunal <iiftV,rciic(' owing to the discovery of new assemblages in the 
mudstoju'.s, whi<'h liavo no forms in common with the assemblages 
so far ol)taincd from the Mavrson series. Moreover, structural 
evidcmai ponds to a younger ago for the argillaceous beds. At 
one ])!ac(5 in these beds, about a mile to the south-west of bill 
r>,028 feet, a shale Ix'd coidaining graptolites of Lower Silurian ago 
was found in a narrow syne.lim;. 


All the thre-e outcrojis of the blotchy limestones pinch out within 
four mih‘S of the soutlu'.rn (Uid of tlu^ sheet and the remainder pf 
the iVTawson-Lawlvsawk range is ])uilt mostly of silt-.stojios and 
argillaceous liuuistones. lleiwosfuitativo fossil collections from a 
numbor of poitits over this area have been forwarded to .Dr. Cowper 
li(M‘d lor description. 

77. During tlu' field season I9.‘V2-3I5, the oftlcers working in 
the Nortlioru (.'ircle ua-rc Dr. A. M. Heron (in charge), Messrs. 


Nortlicni Circle. 


E. It. Cfee (I’unjab), J. B, Auden (United 
Provinces), Dr. P. K. Ghosh (Bombay and 


Central India), Messrs. B. C. Gupta (Bombay and Central India), 


H. 51. Lahiri (Punjab), and l\ N. Mukerjee (Bombay and Central India). 


78. Dr. A. M. Heron was in charge of the Northern Circle from 
his reversion to the grade of Superintendent on fhc JGth Novomber, 
1982, until bis departure on leave on the 26th March, 1933, being 
succeeded by Dr. C. S. Fox. He left Headquarters for camp on 
the 17th December, 1932, and for the next two months was occupied 
in mapping the Vindhyans in the extreme east of Mewar (Udaipur 
State), Rajputana, the western lobe of the main Viiidhyan area. 
Eor tlie next three weeks, until the beginning of March, Dr. Herop 
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worked in tlic neighbourhood of Nathdwam in Mcwar, revising 
C(‘,rtain doubtful points in field geology, and examining the Vindhyans 
near Lakheri in JBundi State, mapped by Dr. A. L. Ooulson. The 
last part of his camp-season was spent in inspecting the work of 
Messrs. B. C. (rupta and P. N. Mukorjee in the Panch Mahals dis¬ 
trict and the Itewa Kantha Agency, Bojnbay. 

The Viiidhyan area in Mcwar had becui ma23pcd some fifty 
years ago by Messrs, G. A. llackct- aiid Kislien Singh and in Tonk, 
Gwalior and Indore bv Mr. H. 0. JouclS in 1912-13 and 1913-14. 
but as Dr, Heron has found it necessary to make considerable 
modifications in the earlier map])iug and ns the area has never 
been described, lie j)ro])03es to submit a i)apcr on it for j)ublication 
in the Records. 

The results of Dr. Heron’s visit of inspections to North Bombay 
are given under Petrology {page 17) and Stratigrai^hy (page 24), 

79. During tlie greater part of the field-season 1932-33, Mr. 

B. R. Gee continued the survey of the Punjab Salt Range. The 

area covered bv him during this ])eriod in- 
Salt Ranjfe, Punjab. i i i -i ■ • i- t 

eluded the remaining, nortti-western iiortion of 

the Shahpur district and a part of tl'.e Mianwali disti'ict around 

Kalabagh (32° 57' 30" : 71" 33') rcjiresented within jjortions of sheets 

•13 D/2, 43 D/3, 38 P/li, 38 P/IS, 38 P/9 and 38 0/12. 

Mr. Gee observes that the stratigraphical sequence is similar 
to that of the area immediately to the east, though, as in other 
parts of the Salt Range, lateral variation is ^ironouneed in certain 
of the sedimentary groups. Of these lateral changes, he notes in 
particular the following - 

(а) The Purple Sandstones are absent in many sections to the 

south and south-west of Sakesar (32° 32' 30" : 71° 56') 
and in the extreme western jjortion of the Salt Range. 

(б) Although a large part of the Lovser Palaeozoic sequence-- 

so well represented in the (^astern half of the range— 
is normally absent in these western areas, an important 
local devcloi)ment of these strata occurs on the v/est 
side of the Dhodha Wahan near its exit, to the south of 
Sakesar ridge. Here the Purple Sandstones are well- 
developed and are succeeded by over 100 feet of grey 
and purplish shales and dolomitic sjindstones apparently 
representing the Ncobolus Shale and Magnesian Sand¬ 
stone series, whilst above the latter is a thick sequence 
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of blood-red Salt Ps(’iidomorj)h beds. These Salts Psondo- 
morpli shales and flags, locally 200 to 300 foot thick, 
contain ciibe-shaj)cd psendomorphs and are exactly 
similar in lithology to their representatives of the eastern 
part of the Salt Range. They include bauds of ini])UTe 
gypsum at the base. 

(c) The Jurassic strata thicken rapidly to the south of Salcesar 
and within the Mianwali district to the north-west. 

Sajidstoncs and shales with numerous bc^lemnites make 

their appearance between these beds and the lower 

Eocene laterite horizon near Lalumi (32° 32' 30" : 71° 52') 
and again around Kalabagh. 

(rf) Near Mianianwali (32° 31' : 71° 50') north of Golewali (32° 29' ; 
71° 50' 30"), the basal Triassic limestones are directly 
overlain by a thick conglomerate including many Num- 
mulitic Limestone, some Triassic and some Productus 
Limestone pebbles in addition to a few of granite and 
quartzite. 'J'hese beds are overlain by grey and green 

soft sandstones wdth orange-browrn clays, very like higher 
Siwalik types. 'I'hese relatively new beds are incor¬ 
porated in the folding and faulting of the area ; they 
indicate that considerable erosion of the pSalt Range 
strata took place }>rior to the final eartli-movements of 
late Tertiary and sub-Recent times. 

Regarding the tectonics of the areas under discussion, Mr. Gee 
observes that the strata in the searp-slojics ar»' often re])eatei] bv 
several well-marked overthrusts. In the lower outcro}is of tlu' s('- 
qiicnce near the foot of the scarp, Purple Sandstones iisu.ally 
intervene between the Salt Marl and the Speckled Sandstones, but 
in the higher repeated outcrops they are often missing, tin'. Syrecjkled 
Sandstones resting directly on the Salt Marl. He point.s out that 
such thrusts sometimes pass laterally into overfolds or fold-faults. 
He notes that along the northern slopes of the Salt Range, the 
Nummulitic Limestone and Siwalik beds continue to form a sliarp 
flexure Jinking the Salt Range wdth the Potwar plateau. 

Mr. Gee summarises the geology of those areas as follows : 

(i) The scarp slopes between Choha and Golewali. (Sheits 43 
D/3, 38 P/U and 38 P/15.) 

Ihe steep slopes that form the outermost portion of the Salt 
Range between Choha (32° 24' : 72° 1' 30") and Goicwali (32° 29' ; 
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71° 60' 30") indutlc outcrops of the Salt Marl, Purple Sandstone 
and Spcchh'd Sandstone series rep<>atod by overthrnsting. At the 
top of tlie. slopes these bexls arc usually capped by (ho Produelus 
Limestones. The general strike of the rocks conforms with the 
to])Ograf)ljy, it being in a gen(*ral westerly direction as far west 
as Warcha (32" 25' ; 71" 58'), beyond which it turns nor(h-west wards. 

Higher up the slopes, the strata are thrown into a succession 
of anticlines and synclines, often fold-faulted and following similar 
directions of strike. Across those u])j)er slopes the Productiis Lime¬ 
stones- particularly the Middle Product us beds- crop out over wide 
areas, whilst within certain of the synclinal and overthrust struetures 
newer beds are involved, ejj., within the Darakki (32" 27' : 72" 2' 30") 
and Nanga Miana (32" 29' 46" : 72" 2' 30") synclines to the north 
of Ohoha, the Salgi VVahaii thrust three miles north-w^est of Kukhhi. 
(32° 27' : 71° 67'), and the overthrust synclinal just south of Amb 
(32° 30' 30" ; 71° 50'). Within these latter tracts, the Triassie, 
Jurassic and Nummulitic beds arc exposed. In the Salgi Wahan, 
the Nummulitics are very thin and arc overlain by Siwalik sand¬ 
stones, clays and conglomerates, from the base of which a black tarry 
oil percolates at the surface. Above this Siwalik zone, here also 
very thin, the Productus Limestones arc repeated by thrusting. 

'The Kanjra range to the north of Amb consists of a eom])licat( (!, 
fold-faulted syncline of the Productus Limestones followed ])y un 
erpially sharp anticline to the north. 

In addition to these structures, running roughly parallel to the 
general trend of the frialt Bange, the area is complicated by anti¬ 
clinal folds and fold-faults aligned approximately at right angles. 
These structures usually coincide with tlie deep gorges that intersect 
the area, so that up these gorges, the Salt Marl, Purple Sandstone 
and Speckled Sandstone beds are exposed for considerable distances. 

Beneath the salt-bearing marl of the Choha and Riikhla (Warcha 
Mandi) gorges, and of the gorge just north-east of Fatehpur Maira 
(32° 2G' 30" : 72° 54'), thick grey and greenish shales with gypsum 
occur. These shales include the bands of low-grade oil shale pre¬ 
viously noted.^ The marl above contains thick scams of rock-salt, 
some of which arc well-exposed in the working of the Warcha mine. 

(ii) The KhahakTci’Uchhali Plateau. (Sheets 43 D/2 and 38 
P/14.) 

»^ec, Oed. Snrv, Ind., Pt, 4, lu 414, (1930). 
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The Salt Raugc plateau, includin^> the large villages of Khabahki 
(32° 37' : 72° 14'), Naushahm, (32° 34' : 72° 9') aud Uehhali (32° 32': 
72° ]'), consists of a broad alluvial sy?icliiie within which the two 
latter villages are situated. This main syncline is followed to the 
north by a narrow limestone anticline, then occurs a second syncline 
filled with alluvium- in which l^habaJfki lake and village are situated. 
Beyond this second syncline is the broad Hill Limestone anticline 
that forms the northern edge of the Salt Range. In places, on the 
crest of this anticline and down the dip slojjos to the north, the 
Kamlials crop out and are succeeded in the lower ground of the 
Potwar ])lateau by the higher Biwalik hoiizons. 


Within the above-mentioned alluvial synclinals, in addition to 
the Recent alluvium, what are probably Pleistocene sandstones, 
clays and conglomerates occur, particularly around Bhukhi (32° 34' : 
72° 13') and Naushahra. Tlu-sse latter beds rest eitlicr on a remnant 
of the Kamlials or directly on the Hill Limestones. They often 
have a steep dij), being incorporated in the folding that has affected 
the older rocks of the area. 


In the numerous narrow ridges to the south of this alluvial 
area, the strata down to the Middle Productus Limestones have 
been thrown into alternating, sheared anticlines and synclines. 
These folds continue westwards into the hills to the north of the 
Kaiijra range where they an', cut out by the reversed faults that 
run dowm the right-hand slopes of the Dhodlia Wahan. 

(iii) Sakesar ridge. (Sheet 38 P/14.) 

Along the south side of Sakesar ridge, the strata arc again affected 
by complex fold-faults and overthrusts. Above the main thrust, 
the sequence up to the Lower Siwaliks is w'ell exposed. The top 
of the ridge is formed of overfolded Hill Limestones, from beneath 
which the Jurassic beds crop out as iuliers in the northern slopes. 

(iv) The Kalabagk-Mari area. (Bheets 38 P/9 and 38 0/12.) 

This area, intersected by the Indus river, is traversed by a 
N.-B. zone of fold-faulting running up the Luni Wahan to the east 
of Kalabagh Hill and continuing to the south of the river near Mari 
(32° 57' 30" ; 71° 35') village. To the east of this line of disturbance, 
Siwalik beds crop out in very considerable thickness. This eastern 
area is traversed by a fault running N.-S. near Ainwan (32° 55' : 
71° 37' 30"); along this line of faulting, small outcrops of the Salt 
Marl are met with. 


F 
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The iriain- Luiii Waliuii—'fault is (iLso marked hy two pro¬ 

minent outcrops of the >Salt Marl with rock-salt. 

To tlie west of this fault', the sequence is very complicated. The 
Salt Marl, cropping out in the southern end of Kalabagh Hill and in 
Mari Hill across the river, appears to form a Hhar^t syncliiie running 
N. W.-S. S. h]. Overthrust on to the Salt Marl of Kalabagh 
hill are relatively thin Siwalik sandstoiif.s and clays, capped by 
oouglonieratcs. The latter include pebbles of Nunimulilio Lime¬ 
stone, Triassic and Productus Limestones. Up tlic slopes north 

of Kalabagh village, the Prodnetas Limestone beds erop out as a 
result of faulting. They are followed to the north by Triassic, 
Jurassic, Nummulitic and Siwalik beds. As a result of consideraldc 
fold-faulting and shearing, the ontcrops are conijilicated. 

80. During the field si'asou of li);52-3o, Mr. II. M. Lahiri, coiiiiu- 
uing liis previous season’s work, mapped parts of .slieels 53 A/2, 

A/5 and A/O. v.hicli include portions of 

p.i!‘"du“rid"'! 'l“.m!Sh. "'“J ilistiiots. I'lie 

getjlogical 5nutations met with are the same 

as those given for the adjoininu country to tin* sttulli in ilic General 
Report for l‘J3l (page 5(5). I’lie Inals mapped hy Mr. Jjabiri as 
Kasaulis in the ])revioiis season are now, in the light of further know¬ 
ledge of the slraligrajthy of the area, jtrovisionally referred to the 
Nalagarh stage of the Lower Stwaliks. The overlying ridge-forming 
sandstones previously designated as the Nahuns, have, now been 
called the Sutlej stage in accordance witli Dr. Pilgrim’s unpublished 
maps. 


The Sutlej stage, which on account of the hard and resistant 
nature of its constituent .sandstones, is responsible for the more 
prominent ridges that traverse tlu^ area, such as the Sola Siughi 
and the Jawalamuklii ridges, passes quite gradually upwards into 
the grey sandstone and red clays of the overlying Middle Siwaliks 
and these latter into the Upper Siwalik sand-rock, conglomerates 
and boulder beds. 


The Siwalik beds of the area are only sparingly fossiliferous. 
The fossils collected from the Middle Siwaliks include Dinoiherium 
giganteuM and llipparion Ihcobaldi. The oul}' identifiable fossils 
from the Upper Siwaliks are an isolated tooth of Eleplias planifrons 
and a tooxli of Kquaii. A Vuio bed is reported by Mr. Lahiri to 
occur near the bomidary of the Middle and Upper Siwaliks about 
six furlongs to tlio north-west of Nandgram {3U 39' : 76® 14') in 
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wlieot 63 >\/2. Tin* sjx'cimens of TJnio obtained are, however, ton 
poorly pieser\ed to allow of specilic idoiitificution. 

The geological slriicture in the portions oxamilled of sheets 
33 A/f) ainl A/b and in the eastern half of 53 A/2 is essentially 
the same as that outlined in my (iloncral Report for 1931, 

for the adjoining country to the south and south-east’. Tt 

becomes, however, somewhat less eomj)licated northwards on account 
of some of the strihe-faults ]nap]>ed in the countiy to the soutlj 
dying out in tlic aiea under report, 'i'he Bndsur and K(’sori faults, 
for justaijce, die out near Kah-sar (31" 49' : 7(r JG') and Sanoti 
(31^" 3S' ; 7G'’ 17') resjjectively. The fault ma])ped on the left 

baiilv of the Kimah Khad to the WTst of llu' Clumber fault appears 

to merge into tlie latter near Har (31° 47.P : 70° 23') in 53 A/5. A 
new 1‘unlt which begins from lu'ar f^atlitta (31" 35' ; 75'' 15') in 53 
A/G (‘xtends north.-\vtstwards into 53 A/2 and seji.araTos tlie Upper 
iSiwalik sand-ioohs ol th.e left I'ank of the 8oan livcr from the 
terrace-forming, almost hoiizontal sands and clays of the Roan 
valley. 

The flat antieliiie of Ujjper Hiwalik beds constituting the Siwalik 
raT\ge in the western half of 53 A/2 is also broken by a strike-fault 
w'hieJi, however, does not extend northw'ards beyond Theh (31" 35' : 
7G" 4'). Tliis fault, rims along the nortli-castein flank of the range 
not far below its crest and follows a markedly zig-zag course. 

81. A small area whicli Avas left unmapped l)y Dr. Pilgrim in 
sheet 53 A/N.E. was also geologically surveyed by Mr. Lahiri during 

the season. This ground lies mostly in the 

StakJ!‘’l‘uii]ab. ^'’tatc but partly in the Rilaspiir 

State and the Kangra di.strict. The formations 
mapped are the Dii-gsliais of the Birmur aeries, the Nahans (Sutlej 
stage) and Upper Siwaliks of the Siwalik scries and Older Alluvium, 
III the southcru ))art of tlie area, the Dagshais arc seen in faulted 
contact with Nahans on the west and these latter with Upper 
Siwalik conglomerates of the Sir Khad valle)^. Towards the north, 
much of the solid geology is concealed under a thick mantle of what 
Mr. Lahiri has mapped ns Older Alluvium. From the available 
field evidence, Mr. Lahiri thinks, however, that the two faults noticed 
in the southern part coalesce into one south-west of Bhamla Rest 
House (31° 36' : 76' 45'). 

82. From December, 1932, to May. 1933, Mr. Auden continued 
his survey of the Himalayan Foothills, working in Cbakrata tahsil of 

P 2 
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Ihc Dt'lira. Dmi (litittkt aiul in 'I'diri ({arlivval State on one inch to 

Dchra Dimi (<i?<ric< «>nd half- 

aiiil Teliri (ijtrirwai SljUe, iucli to tlu' inik- nlit*ei 5.‘> iJ/N.W. Blailli, 
UniCed ProMiKt^. liirni-Kiol, J\r(»l and Tal rooks reappear in 

synclinal fortn near I.ttiludc 30“ .‘Ul' and longitude 78“ O', and 

occur emdinnously to llie t‘ast(a‘n edge of sheet 53 .1/3. Upper 
Krol limestones make n]> the whole of the Mussoorie ridge 
from Uanoiig Hill to the, Landour bazar. Tal rocks crop out 
on Landour and along the Miissoorie-Tehri mule-track as far 
as mile 5. The characters ('xhilhted by the stage in this 
succession are typical of those already dc'seribed west of the Tons 
river and call for no more <'.omment. 


Below the Blaiiii occurs the .Jounmr series, wliich Mr. Auden 
has provisionally divided into three stages, in ascending order :— 
the Mandhali, Chaudpnr (30'' 43' ; 77" 40') and Nagthat (30° 34' : 
77° 58') stages. The JMandhalis consist of a complex association 
of limestones, grits, slates, pliyllites and a boulder bed. The top 
of this stage is taken as tlie Bansa limestone, which has been a very 
useful ma])ping horizon. Above tliis follows the Ohandpur stage, 
wliich is characterised by highly bandcfl quartzites and phyllites, 
with extensive tulfs and occasi(»nal lava flows. Intrusions of dolcr- 


ite arc abundant hi this stage, and are probably roughly contem¬ 
poraneous with the tuffs. 8ome of the phyllites arc sub-schistose, 
though the rocks can never be calk'd tnu'. schists. The Chandpur 
stage lias been traced to Nag Tibba (30° 35' : 78° 9'). 

Mr. Auden considers that there is no indication of a thrust such 


as would be required to separate the Mandhali and Chandpur stages 
if the former is regarded as equivalent to the Blairii. 

The rocks of the Nagthat slag(i are typically made up of quartz¬ 
ites, sandstones, conglomerates and phyllites, of purple and green 
colours, and closely resemble the Jaunsar rocks of the Simla region 
particularly in the presence of sheared purple conglomerates. 
Boulder beds occur high up in the succession, near the Blaini boulder 
bed and limestone. This stage lias been traced from the Nagthat 
outlier as far cast as Kaudia (30° 25' : 78° 22'). 

On the north side of the Jaunsar syncline, these rocks are con¬ 
formable to the underlying Chandpur stage, but towards the south, 
in sheets 53 F/14 and 15, they appear to transgress this stage, 
and, on Bhadraj Hill (30° 28' : 77° 57'), to come almost into contact 
with the Mandhalis. Mr. R. D. Oldham mapped the group of 
rocks hero called Nagthat as Mandhali, regardless of its positiop 
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relative to the Ohandpur stage and of its bulk conipositiou. Mr. 
Auden supposes that Oldham considered the almost identical grits 
and conglomerates of the two groups of rocks to Ije sullicient reason 
to accept their equivalence. JMevcrtlieless, he points out that the 
Mandhali grits occur in a delinite sequence, associated with lime¬ 
stones, and uaderl)riiig the Ohandpur stage, while the ISJagthat 
stage is barren of liniestoiuis and lies above the Ohandpur stage. 
Moreover, the thickness of arenaceous rocks in the JSagthat stage 
is lar in excess of that in the Mandluilis. Air. Audoji believes that 
tlie sijnplest explanation is to siq)pose that there arc two groups of 
rocks, both containing giits and <tonglomerat(is, and separated by 
the intervening Ohandpur stage, lie considers tliat towards the 
sontli tJiere was elevation and erosion of the Ohandpur rocks, followed 
by deposition of the iS’^agthat stage across on to the Alandhalis. The 
recurrence of similar rocks, throughout the geological coliumi of 
this area, remains a puzzle. Mr. Auden is disinclined, how'cver, 
to accept r(j])etition by leeuinbenl folding as an explanation ol 
such recurience, since ho l)e]ieves that the dissinnlaiilics of the 
facies associations, regarded as a whole, more than outweigh in¬ 
dividual facies resemblances. The s;inie objection applies to repetit¬ 
ion by thi’listing. 

iUr. Anden is eonhdent that the giealer paia ol tlic rocks at 
Cliakrata and ixailaua may be coj related wilJi the Simla slates 
on account of ilio presence of (anieretions simijar lu Lhose in the known 
(Simla slates near Chhaosa (di' O'; 77' d'). With these cuncrec- 

ionary beds arc interbodded soft moUled purple sandstones which 
must also belong to riie Simla slates. It is possible, however, 
that some of the associated soft sainlstoiies may be Jdagshai. At 
Dabra {60° 40' : 77° 40'), hlummuiitic limestones iiavc been found 
together with green shales of Subathu t\x>c and sliattered vitreous 
quartzites, and Tertiary sedimeutaLion may have occurred iu this 
region up into Dagshai times. 

'These Simla slates with tlieir sporadic Nuimiiuhtic beds are 
separated from the Alaiidhalis by the southward-dipping Tons 
thrust, wdiich has beeu traced eastivards to Sindhol (30° 37' : 7S° 05'). 

83, During the earlier part of the season, Dr. T. K. Crhosli com¬ 
pleted the survey of the Talaiipur State iu North Bombay com- 
Palaiipur State, Mahi- menced in the previous held season, and also 
kaiitha Agency, and mapped the adjacent area in the Mahikantha 

Bombay?* ** Agency states of Sudasna, Umbri, Bhalusana, 
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SatlasiiH, Ufidol uiul Valusnu, o!i slu'cts 40 A/O and 13 and 45 
D/12 and JO; and in the Parantij division of the Ahrnodabad 
di.slricl on sheets 40 A/ll ojid 15 and 10 A/lO aixl 14. 

I'he foimations met wnh were alluvium. th(‘ Jalor or Idar gra.nitt', 
the Erini)iira granite, ealc-selost (Delhi), and tijjf-giaim'd giamte- 
gneiss. Tlie yranilt-ym iss is found at the houndary of Danta State 
and tie small slates of Umlri and lilialusanu. It is a finely handed 
biotite-gianite-gneiss, and agrets in eliaraeter nitli sonu' of the 
tine-grained varieties of i\lr. M. L. iSliarma’.s ‘granitoid and schistose 
gneisses’ d(‘sej'iljed in conmetion with the geology ol the Danta 
Stute.^ According to Dr. (Ihosh, this gneiss is deJmiti'ly oldej- 
than the Erinpnra granite, as it is found as ijjclusions therein. 
Owing to the lack of ex})Osures, its relatioiishi]) to the calc-schists, 
the oldest sedimentary locks of this locality, is not known. Dr. 
Ghosh, howov'^er, ])rovisionally rigards this gneiss as pre-Delhi in 
view of the fact that nowhere in the whole of av( stern l{aj])ntana 
have the Delhis so far been found to he intruded by a gianite older 
than the Krin])iiia gianite. Similar pic-DelJii gneiss I’.as been 
found by Dr. A. J\l. Heron in Jodhjiur Stale, to the noilh-east. 

84. During the field seasoji of lh'32-33. iilr. Jh (!. Gupta, in 
conlinnalion of tlie jnevions si'aani's surviy, woiJod on the one-i):eh 
, slieetvS 4() hi/!2 and 1(5, Vjd and Jif K/JO and 
Ccntfdl iiidiH Agency J/'l ului o fiiiu J/w iliid t ^ uiCcX survc^’^ctl 
and Rewa Kanthn States comprising portions of the Uoliad and Godhra 
Ai-cney. taluks of the J^aneli Alahals district, portions 

of Jhabua and Alirajpur Slates (d the Cential India Agemiy, the 
ranam valley of Jdariya State, Sanjcli State in its entirety and the 
major portion of Lunavada State, all in the Hew a Kaiitha States 
Agency. 


The oldest rocks consist mainly of slaty, phyllitic and micaceous 
scliistose formations in the north, aird a bioiilu oranidc gneiss in 
the south. The junction of the schistose and the gneissic forma¬ 
tions is not very well delined : thus no gritty or conglonuiatic 
formation has been obsirved anywhere jit the junction, wlueh 
has been closely followed for a IcngtJi of nearly 6d miles. On the 
ejtlier hand, development of garnets has been fjctjuently noticed 
in the phyllitic Aravalli schists along their contact with the gneiss. 
Tlui junction is, therefore, thought to be one of eruptive unconformity. 

The argillaceous formations of the northern portion of this 


* Quart. Jovrn. Oeoh Min. Met. 80 c. Ind. Ill, pj}. 22-23, (1631). 
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tract liJivo a fj;('iu*riil nortlu'rly striki* and arc continuous witli Ihc 
AraralU forniations nuipjuHl I'urtlicj’ nortii in Rajpiitaiui. 

Tlio ^iK'i.ssic rorniatioii il.s jiincliou with the Aravalli schists 
generally slants an asseinhlag'' of iiiglily foliated biolitic gneiss 
and more or loss gncissoso gnuiitc ahnig with \(*ins of aplite, peg¬ 
matite iijid ([iiartz. Kuiilu’r south, llo^ve\ol•, the eon)j)lexity gradual¬ 
ly diminishes and tlie intnisiva is a houioginicous, ])ink or grey, 
medium-grained granite. Discontinuous lentieles ol dark amphib¬ 
olite of varying thickness ai'c often found in close association 
with tin; gnoissic coinj^lex m ai‘ the junction. 'I'hese show an un- 
blonded contact with tin', highly foliated gneiss, but an*, frctjucntly 
intruded a,nd blended with later intiiisives, mostly aplites, peg¬ 
matites and (juarlz veins. 

Subsetpient to tlio formation of the Areliaean schists and givdsses 
in the. area muler I’cvicvv, then' ha,s been a big hiatus in the chrono¬ 
logical order. For lying uneonfm'mably on the.se. ancient meta- 
morphies are .several b<n'ely ju’esorvod, patehy expo,snre.s ol injra- 
trappean forniatione, the l>est ([('vclopnu'nt of winch has been 
.studied in tlie Jliabua-.Alirajjiiir area. The outcrop,s generally form 
horizontal shelves protruding from below t!ie l)(*ecan trap lavas. 
The maximum tliickne.ss oltscj'ved is nearly 25 le('t ; the usual tJ)ie,k- 
iiess, however, s('ld(U)i exi'cods 15 feet. 

The. Infratrappean scries is cliaractc'ri.scd by extreme hetc'ro- 
geneity of composition arid variability of thickness of its eoinponent 
beds. Instances of cou.sidcrabh' lat'U'al variation in the l.tho- 
logical character.^ of the beds arc \''r\' common, and it is extremely 
difficult to draw no an acciirati; sect ioii of tJii' si-rics. Thi' gcru'rali.sed 
.section mav be given as fo]low^s : 


/>. VorecIIuiiilie, cheilv. liamK, oltcu much bico- 

ciatccl hot. 

4. Niliccous, thick-bedded limestone . . . • . 10 

3. (Vmcrctionaiy and gi'illy limestone . . . . 0 ., 

2. Calcareous grit . . . • . • • . 3 „ 

1. (’alcarooiis conglonu iale . . . • • . 4 

Well preserved fossil lami'llibranehs, gastropods and cebinoids 
have been found in these Jnfratra])pean.s. These liave been studied 
by Mr. F. N. Jliikerjoc, who worked in tire Jliabua-AIirajpur* area 
jointly with Mr. B. Gupta. The Tnfratrappoans of the area 
have been provi.sionally included in the Bagli beds. 

Overlying the Bagh formations and often resting directly on tin; 
metamorphic basement, are the lavas of the Decoaii trap. The 
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r(M}k is, jis usual, basalt and is eiibcr massive or finely crystalline 
and almost non-vosicailar. 

No Tertiary formations have been seen in the area. The 
Ai'cliaeaiis as well as the younger rocks liavc been irregularly over- 
laifi by post-Tertiary deposits of Bocent and sub-Rccent soils, kanJeaft 
etc. 

85. During the fii'ld se.ison 1932-33, Mr. P. N. Mukerjee was 
attached to the Northern Oircle and mapped portions of the Ihiuch 
Mahals district and of the adjoijiing States of the Rewa Kaiitha and 
Central India Agcncit's. The ground surveyed is included iji the 
one -inch shoots 10 J/2 and 0, 40 F/9 and 13, 40 F/JU and 14, and 40 
F/ll and 15, comprising portions of tlui Codlira, Kalol and Dohad 
taluks of the Panch Mahals district and portions of Bariya and Chota 
lJdc 2 )ur and Jambiighoda (Namkot) States in the Rewa Kantha 
Agency, and of Jhabua, Alirajpur, and Ratanmal States in the 
Central India Agency. 

The geologic,al formations of the area arc the Aravallis with 
intrusive granites, often gneissi('. the infratrappean Ragh beds, 
the Deccan trap, and ReceJit and Sub-Recent alluvium and 
soils. 

The AracaJUs (Blanford’s Champaucr beds—see page 24) consist 
of a series of slaty and ph}ilitjc rocks and micaceous schists 
with intercalations of quartzites. Conglomeratic beds, though j-aifg 
have been noticed in Narukot or Jambughoda State. Tourmaline 
is found associated with quartz in veins in the phyHites and schists. 
JIaematitc-quartz-rock occurs ijitcrbandfM with phyllitcs and schists 
ill Jambughoda, Chota Udepur, and in the llalol laluJc of the Patich 
Mahals. The quartzite beds strike E.-W. to 8. E.-N. W. Near 
the northern frontiiu of the Jambughoda State, there is a thick 
band of limestone, containing tremolite, associated with phyllitcs 
and sshists. This limestone is the western end of the bands mapped 
by Mr. G. V. Hobson in Chota Udepur State.i 

The principal intrusive into the Aravallis is a biotite-granitc 
often gneissic, ranging in texture from iiiedium to coarse-grained, 
and sometimes porphyritic. There must have been more than one 
intrusion as there are instances where the gneissic biotite-granitc 
has been intruded by normal griinite. There is also a younger 
intrusive phase of pegmatites and aplites. The pegmatites somo- 
timoB contain books of muscovite and tourmaline. The infra^ 


» Bee. aed. Surv. Ind., LIX, PI. 24, (1926). 
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Irajypmn Bagk beds wiiicli arc well seen in tlic Jliabua-Alirajpur 
area consist of coarse, gritty, calcareous sandstones with cliorty 
material resting unconfonnably upon the iU’avallis and immediately 
underlying tJio Deccan tj-.ip in the .lli.ihua-Alirajpur area. The 
maximum thickness observed is about feet, but usually is not 
more tlian ten to J5 feet. 

These beds contain well-juvserved marine fossils, lamclbbranchs, 
gastropods, bryozoans and eeliinoids,; the following species de- 
scrib(*d by iStoliczka from the Cretac>;ous of {Southern India have 
been provisionally identilied ;—Pfoiooifdiniii jtundicJiericnse, d’Orbigny, 
Caniium (Tnichgcardium) iiumn.plnm, Sowerby, (Jyiherea (Callista) 
cf. scidplumla, {SloUczka, 'PurrilAla {Zarin) ‘inuUisidata, Iteuss, the 
first pair belonging to the 'I’lhdiinopoly slage, and flic second pair 
to the Ari}alur stage of the {South Indian Crccaccous. 

It must lie, not.cd, iiowever, that tiu' accepted correlation of the 
Bagh beds is with llic Dtatiir stage (Albiaai-Cenomanian) of Southern 
India. If, therefore, the above idi-nfification of the four speides 
proves to be correct and is c-orro bora ted by further material collected 
during the next hold season’s woiic, it would apjjcar that the beds 
of Jliabua and Alirajpm* mark a considerably higher horizon 
than the Bagh beds of the more easterly area. 


Overlying the Jhigh betO and somedirncs ri'sling directly on the 
Aravallis, are tlie bas;dti(j flows of the Ifccejn trap. Post-Tertiary 
(Keceut and yub-lleccnl) (le[>o,dfs of sods, alluvium and kankar 
irrc'-gularly overlie the Archaeans and the younger formations of 


Southern Circle. 


tJic area. 

80, During the held season fh.j’J-od tlu' olUcors working in tiio 
Southern (Jircle w'crc Dr. C. S. Pox (m charge : Assam), Mr. II. 

Crooksliunk (Ocatial Provinces), Mr. E. J. 
Bradshaw (Assam), Dr. J. A. Dunn (Bihar 

and Orissa), Dr. M. 8. Krishuan (Bihar and Orissa), Dr. P. K. Ghosh 
(Madras), Mr. D. Bhattacharji (Ceutr.d Provinces), Dr. A. K. Dey 
(Bihar and Orissa), and JVlr. A. M. iSl. Gliosii (Gcutrai Provinces). 

Mr. Bradshaw Avas transferred to the Bmma Circle in March. 

Dr. P. K, Ghosh joined from the jNorthern Circle in January. 

87. Since the systematic work iii the Kh.isi Hills carried out 
by the late Captain It. W. I’ahnor in 1920-21, and by Mr. E. J. 

Bradshaw in 1921, the geological survey of 

Assam has been in abeyance as far as the Geo¬ 
logical Survey of India is concerned, although largo tracts occupied 


Assam. 
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principally by the Tertiary formations have been mapped by the 
.Ideologists of the Burmah Oil Company in Caehar, the Naga Hills 
and the Lakhim})ur distrie-t. As a result of my visit to the Assam 
oilhelds in 1930, a summary of the stratigia])liical results obtaimHl 
by Ihe Burmah Oil Company’s geologists, v\ith ainplifieations of 
the, nomenelat.Jire originally introdiu'ed by F, 11, Mallet, lias now 
been published* in an important paper by Mr. Percy Evans.The 
Coinj»any prefers to treat the relevant maps as conlidcntial for the 
pr esent. In resuming the systematic geological survey of Assam 
by my Department, it has been decided first to complete the geology 
of the western parts of Assam, namely the Claro, Khasi and Juintia 
Hills and their southern fringes, and then to work eastwards to tlie 
country surveyed by the oil company’s geologists. 

88. This work has b<‘en eiitrusted to Hr. C. S, Fox, and as the 
area in Assam still requiring survey is enormous, and progress must 
in many parts be slow on account of the dense juiigh', it is hoped 
to transfer to this area additional geologists as they become avail¬ 
able on the completion of work elsewher(\ Hniiiig the season under 
review, Dr. Fo.x niapj)ed portions of tJie Caro Hills and adjouting 
areas of the Goalj)ara district, whilst Mr. E. J. Bradshaw s[)ent 
some three months in the Khasi and Jaintia Hills mapping in continu¬ 
ation of Ids work of 19_3-.-l, until ids transfer to ihe Burma 
Cireh' in March, 1933. 

Dr. Fox left for the field on the 19th November. 1932, ami ic- 
tui-ned to headquarters on tiie 30th March, 1933. His mapping 

was largely confined to the iiortli-western area 
of the Caro Hills (sheets 78 G/N.E. and 78 
K/N.VV., one inch=two miles) and a small area south of Tui’a (25° 31' ; 
00° 15') on sheet 78 K/S.W. Dr. Fox included in his field work 
the elucidation of several reputed coal discoveries in the alluvial 
tracts bordering the Caro Hills in the Coalpara district. These 
supposed coal occurrences are maiked on some of the old maps in 
the vicinity of I’hulbari (25° 54' : 90° 3'), Kajabala (25° 45' : 
89° 59'), and several places between Singrinuiri (HalJadaygunj ; 
25° 44': 89° 55') and Makrikola (25° 39' : 89° 57'). A brief 

reference to these occurrences has been msdc in Dr. I'ox’s memoir on 
the Lower Gondwana CoaJfields of indiu.-'* 

» Ittc. Genl 8vrv. li>d., LXVI, p. 82, (J932). 

- ‘ Explanatoiy Notes to accompany a liable ebowing the 7>rtiaiy Pucfession in 
Assam 'Irana. Min. Ced.lnel. Ind., XXVll, pp. 165-263, (1932). 

* Mem. Qed. Swr. Ind., LIX, p. 61, (t» the Prese). 
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Dr. Fox has found the {ollowin^ rock formatiojis in the areas 
rxjuiiiiu'd by him - 

Kocciit alluvium ol tJio ljr{iim)a|>i](la, Kalo, (bdwang, ete. 
Doti'ital lafeute of (Joramara<.'hi, Jinjarao jiva'r. 

Older alliivium of lbiii<Mj>aiii and lulls io south. 

Mioeene beds of l\liera])‘ira (and Dalii). 

Olijy’eeiU' (inaiiiie) sandstones of Adiinirj. 

Upper K oeejic (joaiine) strata of Damalidri, 
tSaiidstones, pipe-clays and li^pdtie. e(^a,l of Tma. 
ija((‘rl<e and Ivcolinised rotJc of (.‘heranidi'i. 

Dolerite dykes of iSineriniari uiul elr.ewhete. 

Baiakar Sciiiclstoues of Sinyiiuiavi. 

Ai'cliaeau gneisses of Tina aud Jiaiiira. 


'riu' Jrclinetui (pK (Hsrs e.{>ve(- the g)(.'alcr ])ortioii of tlio north- 
wfstorn area of t}j»‘ Oaro liills and sink into the alluvium of the 
Jdrahmapiitia valley to re-a[)pear as iuliers at vajioii.s ])laces, e.g.^ 
(loalpara {'IW 10'- f)0 .’.kd), Dimkii (:2()'' 2': f)0‘), aial other areas 
to tlie noith vviMiin r(’aeh of the 1 lin'alava,,s. The hiehe.st point <jf 
the gnei'-.ses in tke (bu(» llilis is A'ukrek. ieet (2.T' 2<S' ; 20') 

on the Tnia lanye. The e.vpcsure at. Dliul.ii is at about. 120 feet 
in the Brahmaputra. l)anl- ladow the ohservatoiv. The rc.eks (onsi.-^t 
of a comph'x r.f I'-ijik' jaaniles. v\hieh a,|)])e,ii' to ]>e intrtisiw. in an 
older s(‘ries of Itanded utieis-i:;!. horn])leiidje, rocks and other foliab'd 
ty])es. IS'o trace, iiovvcvei. !,as so far lieen found of the eoruiidum- 

beariii't sillimaiiite-ioeks last seen m the Kha.si Hills area about 

Nh)iigma\veit (25“ 10' : id" d') in iNoiuistoin f^ta(('J 

ill view of the presence ol (-londw'aiias in the Darjeeling and Assam 
Himalayas to the north and in the IVninsiiia to the south-west, it has 
long been a mutter for siiriuisi* that no Gondvvana rocks have 

been found resting on thesi' gneissie foundations in the Assam plateau, 
it is e.oriserjuontly a matter of coiisulerable interest that Dr. Fox 
has found Vcrichmria wdica in the carbonaceous shales, with 

Icnticlcs of vitrainisod coal, and i.s a«,sociatcd with the sandstonos 
and grits of SingrinunJ. The cx}K>siire there has long been known 
to be a possible eoal-bearing site, lint the rocks were regarded as 
of the same ago as those of Tura, and tlie so-called Cretaceous 
coalfields of Daraiiggiri (25° 27' : 90° 15') in the Haro Hills and 
Alawbehlarkar (25° 24' : 91° 15') in flu^ Khasi Hills, (kn the evidence 


^ J. A. Dunn, Mm. Qeol. Sure. />;?/., DU, Pt. 2, pp. 167-187, (1929). 
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ol tlio plant fossils it is clear that the Singrimari sandstones belong 
to the Lowcir (^ondwaiias. Dr. Fox has assigned these measures 
to tlio Barakar H’ries on tlie analysis of the coal which shows a 
])roportion of volatile matter to lixod carbon of 17 to 40. This 
ratio is most nearly satisfied by the Lower Barakar coals of the 
Jharia field. Another factor of inferiist in this respect is the pre¬ 
sence of dykes of doleriti'. (sitting the beds near iSingrimari. The 
Singriniari measuivs dip gently westwards nnchjr the alluvium of 
tlie Jinjaran river. Tiny contain no workable S(iam of coal, but 
tJiey demonstrate ipiite clearly the extension of the Lower (ioiid- 
wanas into Assam, while the analysis of the coal suggests that a 
great thickness of tlie^e (londwanas originally ocjcurred in this 
locality. 


The doJcrilc dykes seen euttltig through the. Singriniari sand- 
sloin'.s are jx'trologically idiuil.ical with the dolerites and basaltic 
lavas and dykes of the Jlajmahal Hills and the Deccan trap. Similar 
dyings are found throughout the gneissic areas of the Garo Hills. 
Tiny occur on Samdiiig Hill in'aj- I’jiulbari and between Dibru 
Hill and Pa ham 55' ; DO" 7') a,ud oth'^r ])jaces— c.g., Jtong- 

machokgiri (25" 10'; 00' 1') -in the north-west; again they are 
seen on Hit? way up irom Tura to the lo]) of the mountain behind 
Tura. Dr. Fox had found similar dykes in 1031 at Songsak (25” 38' : 
OO” 37') during ins traverse from Damra (25” 50' ; 00” 47') to Bagh- 
mara (25” 12' : 00” 30'). The exposure at Siugrimari has revealed 
the fact that these dolorites arc newi'r than the Lower Gondwanas. 
It is also clear from ('xposuri's on the road north of Tura that these 
dolcrites are older than the Tuia sandstoin*s, which, it is suggested 
b(‘Iow, arc Lower Tertiary in age rather than Upper Cretaceous as 
previously supposed. 'Ihe interval between the Lower Gondwanas 
and the Lower Tertiary is characterised by two sets of basic erupt¬ 
ions, the liajmahal trap and the Deccan trap, and these Assam 
dolcrites are presumably the e(j[uivalent3 of one of these. 


Lalcriie and kaolinised rock occur in the hills cast of llongma- 
chokgiri and near Cherangiri. Along the motor road fi'om Phulbari 
to Tura it becomes clear that the Tm‘a sandstones overlie the 
laterite, which in turn covers kaolinised gneisses and even the 
basalt and doleritc dykes. The great laterite-forming period in 
India is known to have begun early in Eocene times. This laterite 
horizon is well established in western India, and in the north-west, 
at the base of the Laki series. Dr. Fox is thus inclined to the 
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view tLat the Ijitorito liori^'ori of the Ooro Hills representf? a Ter¬ 
tiary land surface, ff this latoritic zone he tahen as Lower Eocene, 
it follows that llie ^I’nra sandstones, pipe-elnys and lignitic coals 
are younger, and cannot therefore la; ITpper Cretaeeons in ago 
as has hilherto heen believed. 

The Turn scrir.'i, as T)r. Eox ealls the sandstones with coal and 
earbonaeeons shales and basal ])ipe-ehiy beds, is best studied near 

Tiira. It was thought that these beds wTre- undisturbed in this 

locality ; but thev arc evidently faulted aoainst tlie gneisses of the 
naountain to the west of Turo.. Also, on the Hahi road about three 
miles south from Tura they are seen invind-’d, v/ith the gneisses over 
them. Hr. Fox had previously found the same roelcs with the coal 
seams of Siju in the Simsang valley, also inverted. Hr. Fox gives 

reasons for suggesting that these Tnra. sandstones may be of Eocene 

age. The Tura beds have previously heen corndated on petro¬ 
logical and other, but not on fossil, evidence, with the Cretaceous 
rocks of the Clienapunji-Theria Chat area. The correlation is 

partioularly Avil.h the Cherra sandstones, wddeh rvere tlionght to be 
the uppermost of tlu; three Cretaceous divisions originally recog¬ 
nised in the Kha.si and Jaintia Hills.' Tlie descriptions of these 

beds show, however, that there is room for doubt about the group¬ 
ing of the topmost (Cherra sandstones) with the underlying Creta¬ 
ceous. Tlie area has not been carefully ex.'i.mined since, but will 

be mapped by Hr. Fox in the next season. It may be mentioned 
that Mr. P. Evans of tlie Burmah Oil Company has not been aide to 
accept the lowest coals of the Mikir Pfills^ as older than 

Tertiary. 

The llfpcr Eocene, marine beds with nunmiulites are the west¬ 
ward extension of the Sylliet limestones, but the massive limestones 
gradually get thinner and thinner, until they arc hardly recognisable 
in the stream under the bridgt; about the (Jth mile from Tura on the 
Hahi road. Their rusty representatives are last seen about Haraal- 
giii (25° 32' : 90° 8') ten miles west of Tura. The beds consist of 
niimmulitic limestones passing into sideritic clayey limestones, full 
of fossils, with interbedded grey and carbon a ccou.s shales and sand¬ 
stones, often with leaf impressions, fossil wood or other plant re¬ 
mains. These beds appear to pass down quite conformably into 
the Tura series, and uj)wards into a series of rusty sandstones with 

» H. 1^. Mcdlicott, Mim. Ccvl. Svve. hcL, VH, i y. If P, 171, 181 and 183,(1871). 

2 Trans. Min. GtoJ. Ivsi. Ir,d., XXVII. p. 168, (1932). 
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tin: f irifs ;!U'l iiii])rossi(ti)s of iiiiiiiuc; |!HU(>lliiira.n(;li .slit.'lls. The beds 
(■learly cxti'iid far sfw’jirds, Imf as tljoy lia\c bocoino less fossi- 
lilerous and imiro aruilla("oous it is diiiifult lo KTo^^nisc tliein witJi 
eoriaiiity iK-ar (.biroi.'adba (25" 35' : 90' 1'). Eastwards they are easily 
trae.ed aeross tin- Siinsjmt. mui t-o ti) (he Kliasi Uilis. Tliey are 
found ill the I'ppev Sinisaiig h<‘]iind the main Tura range on the 
eoal lueasiires (Tura serii's) of Darangj'iri. All alone the southern 
side of the Tiii’a. range elose to tlie gneisses, it is {|uite clear tiiat the 
strata have lieen bent and foLh'd, air. 1*. JV. .Muherjee has examined 
some, of tlie fo.'^.sils Inoiiglit by Dr, Pox from lu'ar Me.rahapara (25" 2d' : 
90'^ 15') and otfier jilaeis south of Tnr i, and considers ihe assemblage 
of about the same as tlioso of .Lower to Miildlo Kirthar and faiinist- 
ieally related to the ^'aw stage of Buriim. 


The lusty sandstone's ovi'ilying the mimmulitie, lieds occur in 
the neighbourhood of Adngiri (25" 20' : 90" Li'). Some (d tin' 

poorly pi'oservi'd impressions and casts of lann'llibranehs from these 
beds have been studied by Mr. A. M. N. (ihosh, who considers 
that they represent foims which occur in the range from Yaw stage to 
Gaj. The fauna, is idosely .similar to that found in the Xongkulang 
Hill sandstonesA 'Tliese Adugii'i marine In'ds are therefore jiossibly 
Olifjocent' in age. The whole of tlie.se sti-ata—Adugiri and Numinuli- 
tic- is cut sharply by a W. N, W. to W. by E. south-throwing fault 
near Amongpara (25'^ 21' : 90" 13') a mile north of Kherapara bunga¬ 
low on the Tura-Dalu road. The beds to the south dip steeply 
southward and consist largely of soft sandstones, but no fossils have 
yet been found in tlie-ra except ])lant mpri'ssions. They appear 

to occupy a lower stratigraydiical yiosition than the betls containing 
marine fossils found near Dahi, which are from fossil evidence 
regarded as Lo/rer to Middle, Mioeem in age (Btudigalian), so tJiat 
the beds near Kherapara may he basal Miocene. Dr. Fox’s work 
did not bring him into the Dalu area, so that the next higher form¬ 
ation mapyied by him is the Older Alluvium—laterites, and soft 
red sandy lieds witli hard ferruginous masses—of Rangapani (25" 33 : 
89" 54'). These deposits cover a large area south of Kangapani 

and even occupy the lulls in that tract. Finally, bordering the 

north and north-west corner of the Garo Hills are the liecent allu¬ 

vial accumulations of the Brahmaputra, the Jinjaran, the Hinggi, 
Galwang and Kalo rivers. 


^ E. Vredeiiburg, Rec, Oed. Surv. Ind., LI, p. 333, (1921), 
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Dr. Fox stak'rt thal. in many cases Jio lias traversed areas prev¬ 
iously examined ])y eitlicr Mr. T. D, La I’oneho in 1885-87 or 
hy j\Ir. H. B. Mcdlicott soveial years before then, but this was 
necessary for connetded M'ork. His surveys liave. not progressed 
far enongli for tlie making of any but gfuieral remarks, but it seems 
clear that the presence of the Tiira beds witb coal and overlying 
Niimmulitic lim(*stone iii the Up})er Sirasung valle)' north of the 
axis of the Turn rang*’ points to bloclc fanlling. There is accumulat¬ 
ing evidence tluit the v/hole region is traversed by such faulting, 
with north of west and east of north as the t\vo main directions. 
The old pre-Tura lateritised surface has a northerly dip and this 
may indicate a corresponding tilt of the blocks of gneiss. Out.li(‘rs 
of the Tiira beds (sandstones with lignitic e.oal) are found in sevu'ral 
])lac(‘S north of tlie. Rangira hills, and it is from these exposures 
ihat. the rounded pieces of blight lustrous coal found in the alluvium 
of the Ringgi, the Galwang and Kalo rivers, are derived. This 
means that the northern limit of the Tertiary (Eocene) deposits 
corresponds almost with the present northern edge of the Garo Hills. 
Dr. Fox regards the several outliers of the Tura serie.s as remnants 
of fluviatile bods of the Eocene epoch laid down on wule muddy 
flats on a shelving coast with the open sea to the south and south¬ 
east. 1’he main point is that the Assam range was probably under 
water during the depmsithm of the Tura beds. 

89. During a period of some three months from the beginning 
of December, 1982, until early in March. 1933, Mr. E. J. Bradshaw 

continued the geological survey of part of the 
lliUs****^ Khasi and Jaintia Hills, Assam, which he had 

commeneed in the latter part of the field 
season of 1923-24.’ He completed the survey of the, southern half 
of sheet 83 C/N.W. on a scale of one inch to two miles. 

In the area surveyed the following rock systems and formations 
arc exposed :— 

1. Shillong series. 

3. Granite. 

2. Epidiorite intrusions. 

1. Cretaceous. 

The rocks of the ShPlom sfiies are typically arenaceous and 
comparatively youthful in appearance when undisturbed ; but in 

^ ftw. Geol. Svrv. hid., LVIll, p. 38, (1926-26). 
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flio nf'it'hltonilioorl of or opidiorifir inirusioos tliey aro 

}ii(‘tnrn('r])}io,sf(i into (pmiand pliyllitcs. TliP 
(pundziics ar(; olO'ii f^lndlcicd, AviOi oMUcrntio?! of tho sirucdure, 
and !<■ iJirn Ikcojtk';; o:\iii'jTU']v difH<'i7l( fo 7ua.p flio bonndaiT })ptwcpn 
tJio ^'raiuic and IIk- (jiiail/atc. I'lio T'<’sid<in" boundary is exceed¬ 
ingly infrica<<> and ((miraNls abinply witli the more usual type 
wbicli Hows for louff dislanci's in smootb < urvea Avilh scarcely an 
indenlafion of tlie prande Inlo the inftamor]>hic series. 

Mr. Bradshaw flo(-s not consider tliat in ihc area mapped by 
him there is sufficient juhlificai.ion for separafinj^ the intrusive 
granite from the pranite-enciss, a7i.i (onsiders them identical. Tlie 
cranitc i.s definitely pie-Cretaeeous and is yonn^fer flian the rocks of 
the Shillong series, into winch it is intiiidcd. Though there Cfin be 
little, doubt of the intrusive natine (»j the granite it is curious liow 
seldom it is injeided into the rocks of tli(_> Shillong series. Intcrfoliar 
injection was noticed in om* or two ])laccs, but on the whole there ia 
remarkably little direct eyidene(’i of energetic intrusion ; there is a 
very free development of mica close io the boundary, but this 
feature is not peculiar t(» its neighbciuhood. 

There is a, considerabl(! development ol epulioiilic roejes (Mcdli- 
cott’s Khasia greenstone') within tin* area survey(‘d by Mr. Brad¬ 
shaw', one outcrop covering some Iwenty-ti'.e square miles of country. 
As ia the case with the gi-anitc, tliere is little difficulty in deciding 
that the cpidioritic locks aic pro-Cic(aceous and that they arc 

intrusive into the rocks of tlm tSliilloug series. The relative age of 

the granite and the epidiorito is. how’cver, still obscure. In addi¬ 
tion to coarse epidioritc*, Mr, Bradshaw noted t.lui oceuiTencc of 
dolerite, which is definitely yoimger than the granite but is not 
necessarily contemporaneous with the epidiorito. 

Mr. Bradshaw does not regard tiio age of tho outliers that have 
been classified by him, and by powdous obs'nvers, as Crciacemis 
as having been definitely establislied. He ])oiiits out that the rocks 
are unfossiliferous and that the correlation is based on lithological 
and structural affiniti(‘s hi tween tlic.se and undoubtedly Cretaceous 
strata further to tlu; south. 'J’he rock.s arc mainly liorizontally- 
bedded sandstones with conglonwratio or felspathic basal beds, 
sometimes resting with marked uneoiiformity upon the upturned 

edges of the rocks of the yhillong series, and at other times including 

the weathered remains of the underlying granite. 


* Mem. Oed. Svrv. Irid., VII, p. 201, (1869). 
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States ; Kaiiciii 
Sin^hblium districts. 


DO. Tho officers working in Bihar and Orissa during tho field 
.... s(3a8ori 19132-33 wore Or. J. A. Dunn, Dr. M. S. 

Knshnan, and Dr. A. K. Day. 

91. During the hold season Dr. M. S. Krishnau continut'd his 
sysleiuatic ma|)j>iiig of the (Jangpur Stati' aii<l adjoining tracts of 

(ianspiir and Oaiiira Orissa, and <!ompleto(i sheets 73 

and B/S. 10. and 73 B/S. W. Jn addition, ho 
also niajiiied a small area to the south of 
Manoharpnr (22" 22' :it)" : 85" 1*2') in the Singhhhum district, com¬ 
prised lietweeu latitude,s 22" 17' ami 22" 22' and longit.mles 85’ 20' 
in sheet 73 F/7, and l)e,t\ve<m l.itit tides 22" 17' and 22" 21' ami 
longitiid(!S 85" 12' and 85" 15' in she.et. 73 F/3 in order to com¬ 
plete I he map of Bouth Singhhhum. 

In .sheet 73 B/iS. an iiimiappttd portion in tJie ,'.outh-ea.st 

corner, lying in the Banira State, was lini.shed. The jiart. of Kanelii 
district falling in .sheets 7:5 B/S. \\'. and 73 B/S. F. was also com¬ 
pleted. 

Ill the .Banira State the rociks are mainly mi(;a-schists ami 

micaceous quartz-schists with some lensi's of amphihole-schist.. .411 
the.se are penetrated hy veins of pegmatite ami eoar.se gratiite. 
Some of the hornhlemle-gueisses lonnd heie ,s<‘em to he Iiyl>rid.s 
between the ba.sie and acid roe.ks. 

In tho llanehi area, the western half eonsists e.s.sentially of 

granite and the eastmn half of mica-schists. 3’he lino of separat¬ 
ion betwoiin the two tremis VV. S. W. from 'ihkra. (22" 30': 84" 
43'). The granitie area, which lonns the southernmost portion of 

tho lianehi plate;i,u, shows bands of nnfoliated as well as of foliated 

giiei.ss. The latter is a t'ompo.site gnei.ss deriveil from the intima,t.e 
penetration and partial assimilation of tin; .schists by the granitic 
magma. The ca,stern jiortion consists of mica-schists with a number 
of bauds of epidiorite and amphibolite. All of these have an 
E. N. E.-W. S. W. strikti of foliation with the dij) to the 8. S. E. 
When followed in a W. 8. W. direction, tho whole series is found 
to thin down coi).siderably, because of the high compression to 
which it has been subjerded. 

Jn the report for the previou.s season^ the nanui Gavijpiif 
scries was suggested for the .succe.ssion found in tlie aiitielinorium. 
Tho aiitielinorium is in fact a highly comprcs.sed, r'lougated dome- 
shaped structure. The southern boundary of tho series was taken 

‘ Bee. Oeol. Surv. Ind., LXVII, p. 64, (1033). 
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us thd zon of .slicur<‘,d congloinonito and quartz-scliist passing 
iJirough KaghiinaOipali (22“ 14' : 84° 48') and traceable as far 
west us vVniasranga, (22° 1' : 84° 11') and as far east as Jaraikela 
(22° 10': 85° O') aixl Kolpotka (22° 21' 80": 85° 5' 30"). The 
jiortlieiii limit is l(‘ss distinct, but can be lixed along th(« zone 
(!xt(‘.jii<ling from Sadlnnminda (22° 22' : 84° 27') through Amko (22° 
25' : 84° 37'), Bansjor (22° 20.' : 84° 43') and Botob "(22° 20': 84° 
52,'). Along this zoJie there are some thin im])ersistrnit ])eds of 
({uartzite, which may j)o,ssibly lejirosent the same zone as the 
sheared (;on,c,,ome,ra(.e on tlie south. On the west and north-east 
tile c.onglome.rate and quartzite zone becomes uuri^cognisable, but 
the behaviour of the older Ixids, such as the rnarldes and the 
oarbojiaceous jdiyllites, leavi'.s little room for doubt that the 
(hing])Ur se.ries forms a c.losed dome, (ixcejit at the south-western 
entl, w4iere only the iq)])er meiid»crs e-onthme oji to (Jhoriajor and 
beyond. The S(U‘i(“,s to its north in Kanchi district is considercsl to 
lorm the upper part of the Irou-ore series, being inaile up of mica- 
schists and (jpidiorites. 

In the 8inghbhum area, the south-east corner Avhi(di forms 
a sjAur of Budha Buru cojisists oi banded haematite-jasi^er. The 
rest of the aicsi shows phyllites and mica-schists with intercalat¬ 
ions of basic lava Hows. This is in direct westward continuation 


of the arif.i mappiul by Br. 1^. A. lS\ Iyer in 1026-27, an account 
of which is given in tl.e Ueneial Ihqioit for 1027 (page 00). The 
phyllites aie of a higluu- giade of metamorphism than thos<5 found 
furtJicr east. The basic, Hows are now epidiojites consisting of 
actinolitic amphibole, zoisite, basic plagioclasc, quartz and sjAhe.ne. 
A few lenses of carbonaceous phyllites are also found in this 


region. 

92. Brs. J. A. Bunn and A. K. Bey continued their survey of 

Bhalbhum, the eastern subdivision of Singhbhum, from where they 

, left off in 1929. The geological examination 
SitiKlibhum district. , ,, , ,. , , i 

of the copper belt was completed and it now 

only remains to survey neighbouring portions of Mayurbhanj State, 

Manbhura and Miduaporc to complete the maps for publication. 

The rocks in Bhalbhum may be divided stratigraphically as 

follows:— 


8. Alluvium. 

7. Latcrite. 

6. Grits and gravels (? Late Tertiary)* 
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5. Newer Doloritos, often uralitised. 

4. Granite, grauophyre. 

3. Diorite. 

2. Ultrabasio igneous rocks, gabbro (lute intrusive j)liaso of the 
Dalraa suite). 

1. Tile Tron-onj series, with Dahna volcanic flows at the, top. 

This general suc.cesslon is siinilai’ to that already establislied 
in western Singhbhuni. The, diorite is an early basic pha.so of 
the granite not previously found in other parts of Singlibhimi. It 
is usually lathor fine-grained and grades to a hornblende-grano- 
diorito and granite. Tlie granophyro also grades to biotitc-granite, 
and there is a iiussibility that two distinct ]ioriods of granite intru¬ 
sion are repi'csented in Dhalbliuin. 

The grits and gravels, de,scribcd as Older Allevihm on the old 
maps, represent the westein edge of the coastal deposits. They 
have taken part in ci*rtain differential movements subso(pient to 
d(iposition. The amount by which the granite and schists })lain8 
have l>oon denuded, siiuie, uplift, by the rivers which are flowing 
j)racti(ially at base level, has suggesb^d to Dr. Dunn a lat('. Tert¬ 
iary age for these deposits. In the absence of fossil evidence, 
]iow<*,ver, tliis suggestion can be njgarded only as a hypothesis, and 
(his type of argument applied to other parts of India niiglit result 
in e,xtensiv(i tracts of Older Alluvium, known from their fo.ssil con¬ 
tents to be Pleistocene, being treated as of IVrtiary age. 

In Dhalhhum the sui;cessivo stages of the Iron-orc scries may 
be gi-ouped as follows: - 

4. Dalma flows. 

3. Qiiartzite, which in the north and west is only a minor 
phu'C interbedded with phyllite and mica-schist, but 
becomes the dominant typo to the south-east. 

2. Chloiitic phyllite and mica-schist, often ferruginous, with 
tuffs and interbedded flows, occasional sheared conglom¬ 
erate and arko.so ; banded quartzite and chert especially 
near the base. 

1. M.ica-8chist and phyllite with intercalated quartz-schist and 
quartz-granulite. 

Only the middle to upper part ol the Iron-oro series crops out 
in Dhalbhum, the basal conglomerate and lower shales of western 
Singhbhum not being represented. Combining the zones found in 
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Koutli jind north tSin^^hhliurn an<l in Dluilbhuni, iJio following is the 
complete soqiKnico from to]) to bottom of the Iron-ore series :— 

7, Duhmi lavas. 

0, Quartzite (occasional conglomerate at base) - imjjersistcnit. 

5. l’h}'IIitcs with tuffs, lavas, limestone, conglomerate, (piart- 
zite metamor])hosed over large areas. 

4. Banded hematito'<|iiartzde. 
d. Hhales, j)hyllites, mica-schists. 

2. Limestone— inip(irsistent. 

1. Basal sandstone conglomerate. 


The zones are not shar])ly defined. No. I, the basal samlstone 
and conglomerate, sometimes contains thin beds of sliaie. No. 2, 
limestone, is found only locally south of (Ifiaibassa, and is sepaiatod 
from the basal sandstonii by a thin zone of shall'. No. II, shales, 
etc., contains sandstone bi'ds and occasional calcareous bi'ds. No. 4, 
banded hematite-quartzite, is also found at differi'iit horizons in 
No. 5 zone. In many plac<*s No. .‘1 zone pas'es gradually into 
No. 5 zone. No. 0, cjuartzite, frequently contains intercalateil 
shales, etti., and there is often a [hyllite zone biitween it and the 
overlying lava flows of No. 7 zone. 

The. interbi'.ddeal conglornerate.s of No. 5 zone Miggcst accumula¬ 
tion of the tuffs and floAvs undiT subaerial c.onditions. The. con- 
glom<*ral<‘.s often contain pebbles of rock similar to tlie beds with 
whii'h they are interbedded. Ooidemporainious partial erosion of 
the Iron-ore scries lie.ds took place during their aec.umulation. 

Oil. During May, 19815, Dr. A. K. Dcy spent thri'C weeks in the, Koon- 
]har State, to complide the giiological map of slieet 73 (}/9. This 

piece of Avork was necessary for incorporating 
tonj ar. tatc. Jones’s memoir on the iron- 

ore 'leposits of Bihar and Orissa to bo published shortly. The area 
examined Avas found to consist of granitic, rocks traversed by basic 
dykes and having some small inclusions of Ohler Metamorphics. 

04. The officers working in the Central Provinces were Mr. 11. 
Orookshank, Mr. D. Bhattacharjen, and Mr. A. M. N. Ghosh. Before 
his departure on long leave in 1931 Mr. Orookshank had virtually 

completed the re-survey of the northeni por¬ 
tions of the, Satpnra region including the Pach- 
marhi Hills. Consequently on his return from leave it was possible 
to commence an attack upon the considerable blank in our geolog¬ 
ical maps in Bastar State and the adjoining portions of the Madras 


Central Provinces. 
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Presidency. No officers of this Department had visited Bastar 
since Mr. P. N. Bose, who surveyed portions of Bastar State in the 
field seasons of 1808-181)9' and 1899-1900.“ Mr, Orookshank com¬ 
menced work in Bastar State in Noveml)er 1982. During the field 
season Mr, A. M. N. (Ihosh was attached to the JVrey Shuhui Trust 
M.'ipediihui loiulueted by Dr. (\ A. Matley for collecting remains 
of fossil reptili's fumi the Larai'ta beds in the Jubbuljiore ilistiict. 
The Tcsnlts of this AV'ork are discussed inuler Pahrontology. 

95. During this field season Mr. tlrookshank completed tlie 
mapping of one-inch sheet 05 F/t) and 18, except, for a small part of 

the north-i'Mst corner, and the portion of she(*t 
astar Stan. lying between the Kaingar river 

ttnil the eastitrn bordtu- of Bastar State. The whole of this area is 
comprised bidwemi latitinles 18° 45' and 19° 0' and longitudes 
81° ,30' and 82° 10'. 

The following are the rocks mapped airanged ac(;ording to their 
age, in so far as that is knowni :- 

Heeeiti ..... Soils, alluvimii, gilts, ef,o.. Ironi old river 

leirai-es. 

('iifl(ln]).ih .... Slijilcs, ]iin('.stones, and quartzites, 

(lieenstoiieji .... Jneluding ancient sills, Hows and dykes. 

Qnaitz-bieceias, gianiles . . Including associated pt'gmatiO'S, ajilites, 

etc. 

Dharwarian rocks -- 


HengpaJ series . . . Andalusite-gnei.sses and (luartz-scliiste. 

lion-oie .«eues . . . Hematitc-quaitzitcs, griinerit<‘-g.‘nnet- and 

eordieiite-gnei.sses, eli-. 

t^Uiirtyite.s .... IJelK‘^(‘d to he aneii'iit .sediments. 

The. Cii(l(tfipali.s arc a non-fossiliforous sedimentary smies lying 
more or less horizontally on the upturned edges of the older rocks. 
The name Cnddajiah is retained, a.s it has been used in the new' 
32-mile map of India, but. accor<lhig to Mr. Crook.shank, the. lithology 
of tile rocks atid tluur freedom from intni.sions of tiny kind suggest 
tliat th(^}' may bi' Kurnoul rather than (huldapah. Tlie same 
remarks would apply to the Baipur limestones and Chandarpur 
sandstones of the Ohhattisgarh basin, with W'hich P. N. Bose re¬ 
garded the Bastar rocks as equivalent; and it must, be regarded 
as an unsettled point in Indian stiatigraphical correlation whether 
those comparatively unmetamorph<^scd Purana rocks are to be re¬ 
garded as Cuddapah in age, or the equivalents of the Kurnools or 


1 tJencral Kepoit lor 1898-1899, p. 36, (1899). 
•General Report for 1899-1900, p. 40, (1900). 
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Lowor Vin<lhyanM. («rjt,(lo of niotaiiiorpliism proves froqiioutly to 
lio a mi.sIoiiflin;jr on'toiion in llio corrolatioii of the pro-Cambrian 
ro(iks of India. 

Ik'isid f/)'(rnstonr (Jykos are found intruded in all tlio ro(;ks in 
tJio ar«!a mopped, ox(:o])t tlio Cuddapahs. Tlioy vary in si/o from 
minute v"<!ins to dyk<\s ton miles lon^ and 200 yards wide. The 
nature of the rocks of -whudi tluy are composed depends to some 
extent on the dof);r(!<^ of m<itamor}jliism to wliich tlioy have been 
<^x])osed. In (joarse-^^rainod typos the ophitic texture of dolerites 
is sometimes pi'(;s(^rv(Hl, and j)atchos of an^ito liave occasionally 
survived, an<l may now be seen in the centre of Iarg(‘, hornblende 
c.rystals. More often all trace of the oiip^inal mimn'.ds and texture 
has <Iisappeared, and the rock now consists of laroci ]')rismatic horn- 
bh'ude crystals in a matrix of granular quartz, and felspar. 

The flows are similar to the dyki*s, but liner grained with quartz 
amygdale.s and opeji cavities. They are fouml as ca])pings to hills 
and ridges in the south-western i)art of the area mapped. 

The sills are lithologically similar to the dyke ro(;ks, and occur 
as very largo intTusive .slu^ets especually in the rocks of the Bong])al 
s(fries in the south-wost(U'n portion of the ar<\‘i map])ed. 

True quartz-breccias oecur iji a miinbor of places in the granite 
.and indicat(< ])ost-granitic faulting. Quartz-breccias are. also forme<l 
by the replac,erne lit of greeustoiui dykes b}' quartz. Usually tlu^se 
can be distiiigiiished, as the greenstone is rarely completely replaced. 

Over the greater jnrrt of the area map|)etl, especially in the 
western part of it, granite is the foundation in which all the othe-r 
rocks are sot. It generally underlies flat country, but it is some- 
tinuis tough enough to form rounded hilt masses and irregular tors. 
Ill tyjiical localitic.s it is a rather <;oar.se binary granite with little 
or no sign of foliation. But, in the viiunity of ridges of any of the 
other roeks it is, however, frijquonlly foliated and banded. Around 
the edges of the older sedimentary rocks it has digested such foreign 
matter, and is usually very biotitic. Close to the hematito-quart- 
zit«‘s it often contains cordiorite as well. 

Pegmatites are intruded in all the })re-Cud<hipah rocks. They 
are probably a final product of the cooling granite. Some of them 
are much youngcu’ than the main granite mass, for they have cut 
the greenstones, which are themselves intrusive in the granite. 

Older tlian I ho granites are numerous rocks of Dharwarian 
typ(‘ and probable sedimentaiy origin. These Mr. Crookshank haa 
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divided into three sections, the relationships of which to one an¬ 
other are unknown. 

Overlying the granite in the south-east of the map and some- 
timo> intruded by it is the first of those, an ancient sedimentary 
series which Mr. Crookshank terms the Bengpal series after a village 
situated in the centre of the area where it occurs. In the course 
of field work Ihis series was roughly divided into two, the andaliis- 
ito-gneisses and the quartz-schists. Those pass imperc-cptibly into 
one another, and it is believed that the differences between them 
are due to the <liffereiit degrees of motamorphisni to which they 
have be(Ui ex})Oscd r.ather than to any differoiico in tins nature of 
the original do])osit c»f Avliich they are the inctaniorphosed pro¬ 
duct-!. 

The andalusite-gncisses everywhere abut on the granite. Their 
higliest grade of metamorjhism is reached near the contac.t, where 
such minerals as sillimanite and garnet are fairly common. On 
biaving the borders of the granite first sillimanite disappears, then 
garnet; finally andalusite becomes scarce, though it is never entirely 
absciJit. 

Tlie quartz-scliists are fine-grained rocks composed essentially of 
(juartz, luotite and muscovite. Andalusite and iron-ore are also 
pr(\sent in very many cases. In the hand-spe(*imen tliese rocks 
greatly resemble (ine-grained muiaceous sandstones, but the nietlual 
of arrangement of the mica ami the absence of rounded ((uartz 
grains show that they have beoji coinplotcly recjrystallised. The 
iiiune <piartz-s(!hist is not intcmbsl to signify a parallel arrangcriienl. 
of the mica flakes. 

The st'cond section of tluiso Dhiirwarian rocks is the hcmatile- 
qmrlzites, wdiich crop out to the west of the Bengpal rocks. The 
cornu ction b<-t,w(en tin' two is unciTt.iin, but it is possible that 
th (5 former are tiu! basal members of the latter. They lie directly 
on tlie granite and have been extensively dissolved jji it. Their 
thickness is always small, and they arc always mctamorphos«id. 
In typical cases a rough zoning can be recognised. At tins centre 
occ.ur the banded hematite-quartzitcis. These are more or less 
surrounded by griinerite-gneisses, du<^ it is thought to the thermal 
metamorphism of the quartz aud hematite. Outside this zone 
rocks containing grumuite, cordicrite, biotit(S muscovite, and ([ uartz 
arc <lovelopcd. These are believed to bo hybrids between hematite- 
quartzites] and granite. Further out still the griinerite disappears, 
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followed })y tlie cordierite, and finally normal granite is reached. 
Clarnct is often aluindant in all these rocks, Imt does not seem to 
he iniicli alfecled in the c.ouj’so of nietamorpliism. 

Genuine sti’ess minej'uls such as .stanrolite or kyanite are very 
rare in llie ])r(!-Gndd.ipali rocks. Tt is inftirred that the metamor- 
pliisni lias keen ()rimarily thermal. This coiieliision is also siip- 
poried l»y tJie texliir<‘s of the various roc-ks examined. Tlnu’e is 
evid(‘nc(^, however, of a lat<;r dynamki phase with resultant regressivii 
metamor])hism, for serieitti and elilorite have extensiv(dy rej^kuu'd 
all mimu’als formotl at the period of maximum thennal nudamor- 
phism in tlie ]>re,-(Juddapah ro<;ks. Ottndite is also commonly 
d<;veloped in the Bengpal s<5ries. wdnuevtir gau’iu’t has keen seric- 
itised. 

The third section of tJie old I’ocKs is seen in the v<uy large qxiarlz- 
tie ridges tliat occur in several areas. The rocks of wliich these 
are formed are mainly granular and erystulline quartzites, kut 
looally chloritic phyllites replacs^ the (|uartzite,s to some extent. 
Judging from tluur uniformity, and the size and continuity of their 
outcrops the gianular quartzit(!s are ])i'okakly alU'red sediments. 
The coarsedy crystallitui (juartz is, hovvevoj’, mostly secondary. The 
relation of t}ies<» quartzites to tJie otlier ])re,-(Juddapah sedijiicnts is 
unknown. 

06. Mr. J). iiliattaeliarji spent tJie field scaison of l9.‘kJ-.33 in 
surveying portions of th(i Nagpur and Umrer t.ahsils of the Nagpur 
di3tri<;t and of the Bliaiidara and Gondia tahsils of the Bliandara 
district, com})leting sheets 55 B/f and .'55 170 aiul the western 

lialf of sheet 64 C/J- 


The tract surveyed in tlio Nagpur district on sheet 55 P/1 

consists of alluvium, ])o<ican trap and Intertrappeans. T}i<\s(i form- 


Na^piir aiul BhaiiJara 
districts. 


at ions showed nothing of unusual interest, 
tlui only luw Tntertrap})(^an occurrence lioing 
lujar Kalamna {2(P 15' : 70'^ .3'). 


Of sheet 55 l‘/l only a small ])ortion hiul keen ])revioualy sur¬ 
veyed. This area, lies ])art.ly in (he Nag 2 )ur and partly in the 
Bhandara district, aiul is o(;cuj)ied l)y alluvium (of th(i AVainganga 
river), Vindhyans, Dharwari.an rocks of koth Sausar and fSakoli type, 
and the gncissic complex. The Vindiiyans form siuall (!xposur({s by 
the Wainganga in th(^ neiglikourhood of Pauni, and arc composed 
of gently dipping sandstone and shales with an overlying conglom¬ 
erate, and a coarse gritty basal sandstone resting on. steeply 



Part 1.] 


General Report for 1933. 


89 


dippijig gneisses ami s(;Iiists. These rocks are deduced to be of 
ViiKlhyau age from the agreement of their strikes and general 
<Jiar!i,et(!rs ^\ith the rocks mapi)ed as Vindhyaiis by Mr. P. N. Datta 
a hnv' mile's to tlie south. 

tSlie<‘l. r>l (‘/;i (tlu' (Jondia sheet), de])iciing a. porlion of the 
({ondia lalisil of (lie Mliafidara dislihd. lies Jiorlh of sheet fi4 Cyi 
(the Arinni shec't) ol wliiclj tlie g(M)loge lias already been (’onipleled 
by Dr. S. K. f'hatterjee. 


Tlie \y('sle,ru half of sheet 01 (J/3 Ls o(;cupied by the reserved 
forests of tht' (faikhiiri range forming the north-eastern corner of 
the Bliaiidara triangle of Sakoli rocks, whilst the low country to 
tlie wesl is (‘oni])ose(l mainly of gneisses with overlying allnvinni. 
Tlie Sakoli rucks willi a gi'iieral M. X. M. strike are partly on the 
nortlu'rn extension of the rocks of this series recognised in sheet 
0'1 (J/1 (tlie Arjuni sluH't) to the south already surveyinl by Dr. S. 
K. (’hatlerji'e, and parth' on the extension of the rocks recognised 
in sheet 55 0/15 (the Tiiora she.id), previously surveyed by Mr. D. 
8. Bhattaeharji, of which accounts have been given in previous 
(hme.ral Deports.' 

The, Bhandara trianghs of Sakoli rocks to which so mucli attent¬ 
ion has been given by Air. Bhattaeharji and Dr. Ohatterji comes 
to a ])olnt in the Oondia sheets, and with the completion of this 
area Air. Bhattaeharji vmiiures on an explanation of the structure 
of the wlioh^ triangle with its exceedingly c,omx)h'x folding. His 
Brogress lie port is as usu.d beautifully illustrated and a spmaal 
featui'e of this season’s work is the collection of a scries of s]jeci- 
iiKMis of intrhaitoly folded roi-ks which are held by Mr. Bhattaeharji 
to show' on a small scale structim's applicable on a largo siiale to 
tlui Sakoli strata in the Bhandara triangle. Tie has also con- 
.structiul a nujnbm’ ol models to show how’ by intricate folding a 
rock may imitati'. I it-pm-lit injection, and various other structures 
of igneous rocks. 

In this rc[)ort Afr. Bhattaeharji has given some attention to 
the various t} pe.s of gneisses found near Chanditola (21" 18': 80" 6') 
about b'li mile.s south-w'cst of (Tondia. He recognises (1) biotite- 
gneisses of several tyx>es according to the additional minerals such 
as gainet, magnetite and hornbiende, (2) hornblende-gneiss, and 
(3) sillimanite-gneiss. 


1 Rec. Gcol. Surv. Ind., LXV, pp. 107-110,(1931) and LXVI, pp. 108-111, (1932). 
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Malhari Vinayak Rao: Born 14th February, 1878: Died 

23rd December, 1933. 

It is witii great regret tliat I iiavc to record the dcatli of Kao 
Baluulur JMalliari Vii\ayalc Kao on ilic ^.“’rd of l)eceii)l>er, 1033, only 
a few months after his retirement from tin' post of Assistant Superin¬ 
tendent in the Geological Survey of India. 

Vinayak Kao was a gr:iduat(i of Madras University obtaining the 
B.A. degree with Geology as t)ne of his subjeets from the Central 
College, Bangalore, in lOOO. After a short period of practical under¬ 
ground training in the Ooregaiiin C<dd Mine in Mysore he joined the 
Geological Survey of India as a Siil>-Assis1;nit on tin; iiGtli of October, 
1904. For his first field work he wus posted to assist Dr. Malcolm 
Maclareii in liis examination of the anrjfcrons tracts of Southern 
India. In subsequent years \ ijiayak Kao was engaged on regular 
geological survey work in the C<'ntral Provinces, in Burma, and in 
tlic Madras Kresid('ncy. During the Great AVar In' rendered valuable 
service to Government hy participating in tin'- investigation of the 
wolfram deposits of Lower Bniana, and iii recogjiition of his services 
the Government of India verc pleased to promote him to the grade 
of Assistant Superintendent on the Gth St jhember, IDl'J, and subse¬ 
quently in 1920 they t'-onferred on him tint title of ‘Kao Bahadur’. 
Vinayak Kao had not a teady^ pen, ui coiiheqinmci'- of which he has 
but one published note to his credit in tiie Records of this Depart¬ 
ment, namely on tbe oil shales of Mevgui, in Part 3 of Vol. LIV. 
In 1931-32, Vinayak Kao was President <;i the Geological, Mining 
and iletallurgical Society of India, and hia Presidential Address 
entitled ‘Development of Mineral Kcsoucccs oi India’ appears on 
pages 83 to 91 of Number 3 of Vol. Ill of the Quarterly Journal 
of that Society. 

In addition to systematic survey work Vinayak Kao undertook 
during his service, a considerable number of investigations of 
economic and engineering projects, upon each of which he submitted 
reports that W'cre practical in their advice and of considerable utility. 
Another problem upon which Vinayak Kao was engaged at intervals 
was the collection of Vertebrate fossils from the SivvaJiks of Balu¬ 
chistan and the Punjab. Finally it is necessary to make mention 
of one special task entrusted to Vinayak Kao. As part of an inves- 
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Kx; 

to doteiiniiK' iLo amouiits of silt and dissolved salts carried 
to llie sea hy Indian rivejs, Vinayak Rao for a whole year took 
samples of silt-laden riv<‘r water from tw'o stations on the Indus 
some UK) miles aj)art in a straight line, namely Kotri and Sukkur ; 
tlie samples were tak<'n ojiee a w^eek durin}^ the cold weatheL and 
twice a week diiriniL’ the iimndation season, from surface, mid-d('pt]i 
and hottoni at selected spots on a cross-section of the river at each 
place. The total n umber of samples collected between th<‘ 22iid 
November, 1905 and the 22nd November, 1900, was 739. Frojn 
the laboratory w'ork suhsequently carried out on these, samples it i,-. 
clear that Vinayak Rao discharged faithfully' this monotonous but 
\ery valuable task. 

h^or a period Vinayak Rao svas attacked to my own field party ni 
tlic Central Jhovincc's and 1 then had an o])portunity' of becoming 
well acqua.inted with Ids honesty of pnipose, his devotion to work, 
and the friendly' spirit that caused him to he liked wdiercver he went. 
In illustration of this last (piality it is ])]easant to recall that Vinayak 
Rao, Bankim Bihari Cupta and 1 w'cre in camp together in Decondx'r, 
1911; Vinayak Rao suggested that to celebrate Coronation Jhiv, 
namely the 12t]i of l)('eember, w<‘ should hold sonu' village .sports 
o])cn to both the villagers aiid our servants. \Vc thn'c. .subscribed 
.small sums for prizes and the sports were a great .success, including 
not only tht* usual events, but a, camel race ami a S2)ecimen4rimming 
competition. A few days later tlie villagers in return provided ns 
with a theatrical entertainment. 

Vinayak Rao retired as recently as Idth February, 1933, and all 
(hose who knew' him regret that he has not lived to enjoy many years 
of peaceful retirement. 
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The Khanpur Meteoric Shower. By M. S. Krishnan, 
M. A., Ph. D., a. R. C. S., D. I. C., Assistant Superintend¬ 
ent, Geological Survey of India. (With Plates 1 to 8.) 


INTRODUCTION. 


Soil'll* motoorio stonoa fell in Khanpur oO" ; 80 " 7' -50") 

and a few' neighbouring villages in tho district of (jlhazipur, llnilcd 

Provinces of Agra and Ondii. between Ihe 
Titnc and locality of hours of 12 noon and 1 e.M. on Friday tlic 

8 th duly, 1932. A brief mention of this fact 
'ivas made in the Oencral Iteport of the (Geological Survey of India 
for the year 1032.^ It was learnt later that fragments of the same 
fall were recovered from Kakrapar'*^ (25“ 35': 83° 3') in the Jaunpur 
district and from Karauli-* (25° 33' : 83° P) on the banJes of the 
(lumti river in the Benares district. From the accompanying 
sketch-map (Fig. I on p:i,gi* 10 -;) .showing a portion of the Survey of 
India sheet (13 0/2, it will bo seen that all the localities lie witljiii 
;i radius of about two and a half miles near the junction of tin* 
boundaries of ihe three, above-mentioned districts. 

'The Geological Survey of India received* nine pieces of ilie 
meteorite from Khanpur on the 18th August, 1932, through the 

office of (he Trustees of the Indian Museum. 
1 iccet. recovered. following table {'rablc 1) are given the 

co-ordinates of the localities from wdiich the pieces were recovered, 
two pieces from the village Gauri and one each from the remaining. 


' liec. OeoU durv. Ind., LXVIJ, p. IG, {193o). Khanpur i.s misspelt heieas Khaiigpur. 

® Communication from Dr. L. J. iSpenccr of tlio Mineral Deimrtmcnt Uritish Museum 
(Natural Historv). It is also stated in Nature, VoJ. 131, p. 79i5. (3rd dune, 1933), that 
h*agiiieiit.s weighing 40o gms. were prc.sentccl to tho Natural History Museum by the 
Culleotor of tho •Jaunpur distrir-t, through lAFi-. C. A. Silbcrrad. Kaluapar is lieic 
urongly spelt as Kahi'apor. 

® Vide ivfra in tho extract from tho leport from the dauupur district. 

* A Notification—M. 1184 dated 9th June, 1925, of tho Department of luduslrlcK 
and Labour, Government of India—states that meteorites falling in llriiish India are the 
property of the Government and should be forwarded to the Geological Purvey of India. 
Some distriot authorities seem to be unaware of this. 
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Railway. , Road . District boundary. _ 

o 1 2 _3 

Scale of mites. 

L’m. 1.—Map ehowiny tho localities at uliicli meteorites fell on tbo 8th July, 103U. 

Taiile 1.— Localities from which pieces of the Khunpur meteoric shower 

were collected. 


Jxjcality. 

North latitude. 

East longitude. 

Klianpiir ........ 

O / ^ 

26 33 30 

0 / # 

83 7 30 

Aaman Chak ........ 

26 33 16 

83 0 30 

Mandai ......... 

26 32 0 

83 6 0 

(Tadanpur ........ 

25 32 30 

83 6 0 

(jtorkha ......... 

26 32 0 

83 0 0 

Ahladpur ........ 

26 34 0 

83 5 30 

Gauri ......... 

25 31 30 

83 0 0 

Xowada ........ 

25 33 0 

83 6 0 


It is almost certain that several more pieces were found by the 
villagers, but they have not been recovered because of the unwilling¬ 
ness of the peopte to divulge any information. 
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In the following table (Table 2) are given the wcigliis of the 

pieces as received and at the time of their final storage, and also tlie 

specific gravities of a few. A small part of the 
Weiglitb of the pieces. weight may be attributable to 

loss of moisture during storage in Calcutta, but it is mainly due to 

the using up of the material for study. Pecause of tlic bad packing 
in which they were sent to Calcutta, a certain amount of damage 
has been sustained, resulting in cracking and detachment of small 
chips. 

In addition to the above, two pieces were received, one from 
Karauli and the other from Kakrapar, as late as Pebruary, 1934. 
Their weights are also shown in the following table. It is to be 
noted that the fragments weighing 450 gms. presented to the British 
Museum (Natural History) also belong to this fall. 


Table 2. —Weights of the pieces received. 


No. 

Locality. 

Original weight 
in grams. 

Final weight 
in gram.s. 

iSpocific 

gravity. 

I 

Gadanpur .... 

877-11 

(a) 779-14 

• 4 




(6) 67-.54 

4 4 




(c) 23-10 

4 » 




(flf) 1-62 

« • 

11 

Khjxnpur .... 

467-72 

464-00 

« • 

III 

Newada .... 

124-10 

124-06 

3-449 

IV 

Gorkha .... 

liy-81 

113-72 


V 

Asman Chak 

6S-or) 

67-79 


VI 

Ahladpur .... 

102-85 

102-08 


VII 

Gauri .... 

56-45 

66-43 

3-266 

VllI 

Gauri .... 

41-02 

40-93 

3-409 

IX 

Mandai .... 

3005 

30-01 

• « 

X 

Fragments broken during 

14-54 

11-20 

• • 


transit. 




XI 

Karauli .... 

54-66 

64-56 

3-466 

XII 

KakraiMir .... 

1,312-13 

(a) 1,300-66 

3-466 


Kakrapar fragments 

• • 

(5) 11-58 

- • 


Total 

3,262-39 

3,248-20 

• • 


The values shown in the last column but one represent the weights 
of the pieces at the time of the final storage in the Museum. The 
differences in the values of the specific gravity are probably explained 
by the variation in the abundance of troilite in the different pieces. 
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CIRCUMSI ANCI'S Of KHK FAI.L. 


The /(illowinij; is ;i,ii cxtriU'l- Irojii th<! of Mr. Sanla Prasad 

Hiikseiia. Suporvisor Kanunso of the Khanpur 

Knflnniir area. r , ^ 

Circh', dated the Dtli July, 1032:-' 


‘ On the- Sth July, IDJJ, tietwofu 12 noon ami 1 I’.M., piews of l)lack stone fell 
it'OJii llie filvy. .. .First tlu re A\as thunder and LIi'mi t lu'v tell \vith a whizzing sound. 
.It is said tJiat they A\eie hot A\hen lhe.\ fell.’ 


Tliia was followed by a more detailed report, dated tlie lOtli 
.Inly, 1032, from which the follovviji" is takeji;— 


Kliaiipiir : ilctailed 
report. 


‘ The fall of the jueti orite is desonhed in s'ai'ious Awiys in different villages 
and gp’at diflienity lias heen espeiif need in ofdaituiig fragnu nts of Ihn meteoiite 

lieeanse they v.en> a])j>ioj)iinted Ijy the jx'ople who thongJit 
that (a colJviiiini) made fiom them e(n('d ItliiidnesM, 

while otlieiH hclieved that it eiirerl fire hum-!. People neie 
unwilling to i)art A\itli the fiagnit'ids they oM uned and thus ntnecaled all 
soils of knowledge they had about tlu' nu't.eorite. 

.|)t-bi I’rnsad of Ileheii and Harnnatli Chaube of (.toikha static that they 

observed the fall of the meteoiite bom a heigliL of 0() yards and 20 yards respi'utivcly. 
'I’lie liist siiys that the fall foimod a lin<’ol smoke in the sky, t»ut tlicre was no 

linninositv, while the seeomi says that the iiieieorite eame as a binning ball. 

The fall took place lielaveen 12 (noun) and I p.ai., on Finlay tla' 8tli Jul 3 ^ 10:12. 
Only one person, Itamnalh Ohaiibe of (jlorkha, sa^'s tlia.t tlu! meUsuite was seen us a 
burning ball of llie size of J of the fidl moon. 


Till' fall was noticed in eight villages—iilianpur, Gadanpur, Abtndai, Gauri, 

Gorkha, Ahladpur, Asman Chak and Newad.i, where fragments were found_ 

3’vvo pieces have been obtained from (Jauri and one each from tlu- remaining villages. 

The fact that pieces were found in dilleiimt village s within a ladiiis of Ft milca 
leads to the eoncliision that the meteorite divided itself into several pieces before 
the fall, os all the pieces collected appear to bo of the same colour and composition 

. The aclual fall W'as aeconipained by a Avhizzing sound ending in a heavy 

thud at the time of contact with tlu* ground. The metcontc is reported to have 
come from the sOuth-west and tlu; weight is said to be from a half a seer' to seven 
seers_The evidence goes to shoAv that it was warm when it fell. 

At tAvo plai-es, in the villages Gadanpur and Gorkha, it fell on the tiled roofs 
of houRi'R. In one case it reraiiinod on the roof and in the other it passed tlirough 
and fell inside a room. In \illagc ^scAvada a piece fell in the river Gumti, and a 

piece in Gorkha in a pool. In other plaei's it fell on open ground. in some 

places the fragments did not penetrate deep into the earth where the ground was 
hard, while in some plac»>s they penetrated to a depth of (light Joclie.s only whore 
the soil A\*as soft. ..Vs it rained shortly after, the pits aatio lllled up and avoic not 
available for observation. No change in the soil is reported on account of the 
fall.’ 


^ I aeer—2*0571 pouncls avoirdupois—933*08 grains. 








Part 1.] \ Khanpur Mdeoric Shmver, 111 

On receipt of the comnninicjitiori from Dr. L. -f. Spencer, and the 
note in Ndtinr, above referred to, the authorities of dannpur district 

, were requested to send their report and any 

Kakrapar area. -t 11 • * /■ j i ± ^ 

avaiJable pieces. A copy of the report from 

the Supervisor Kanun<^o of tlie Kakrapar area, accompanied by a 

piece Aveighing gms., Avas duly received. This latter may 

he descrilx'.d roughly as a triangular prism, Avith the three sides 

measuring about 115, l.‘t5 and 75 mm. respectively, and tlie height 

about 70 mm. Tin* greater jiart of the surface lias a fu.scd 

appearance, the interior being oxtromely'^ fine-grained, someAvhat 

porous and dark grey in colour with indclinite patches of dark red- 

broAA'n. Its specific gravity is 2*2t)2. Megascopic and microscopic 

examination, liowever, .sIioavs it to be of the nature of ordinary 

fused brick, an opinion witli which several of my eolleaguos agree. 

[t seems very unlikely that tlie genuine metoroite could have fused 

such a thickness of soil, since it fell on Avet ground during the height 

of the monsoon. The explanation seems to be that the villagers 

collected a piece of fused brick in mistake, in addition to the genuine 

meteorite AA'liich they iindoulitedly collected at Kala’apar. A piece 

of the genuine meteorite from Kakrapar was received only in 

Fi'briiary, 1934. 

The following is extracted from the report, dated the 13th 
February, 1932, relating to the fall at Kakrapar :— 

‘ The meteorite fell on the 8th July, 1932, at about 2 p.m., in village Kakrapar 
in a rielfl owned by Ranshlochan Ohamar. The same day at the Bame time one 

^ mmv meteorito is BaJd to have fallen in village Knrauli on 

K.tr.p.r : report. . 

Before the fall of the stone, the sky AV'^as thunder-struck thrice and it was cloudy. 
When the stone fell a noise like that of an aeroplane was heard. Half of the stone 
sank into the ground about 12 inches deep and nearly one-half of it was htill above 
ground. The tenants were out in the fields and they saw it falling. It was giving 
out smoke, and a sliower of rain fell just after the fall. When the shower of rain 
was over, the people gathered and took away its parts. It wfis one piece when it 
fell but was broken by the people. It was about 15 seers in weight, fts dimensions 
were approximately 2| ft. long, 1 ft. wide and 1 ft. thick. 

T could gather alxmt 5 seers and sent them to S'aJr (headquarters). The pfmple 
had kept them os idols. It was easily broken and it was black in colour with parti¬ 
cles like guinea-gold mixed in it. There was a flash of light when the stone fell. 
The flash of light came from the north and went to the south. It was hot when the 
people gathered there and broke it. They had to dig it from the earth. No mope 
of it is available at present,’ 
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About tlio fall at Karanli, the letter which accompanied the 
piece of nieteorhe from tliere stated ;— 

‘ Tlie HK'fcnnlf in qnoftinn fell in th(' iu lil of one Rhyain Bohari Singh of 
Mntiza Karanli, ToJisil. JVnans. Brfoiv it foil, a thuiHlorniifi sonad was heard 

and on its fall Iho mofcoiito broke into pieces; smoke was 
seen lising tip at tlio place wluro it was lying. The people 
of the vicinity, who Juid as.scnibled f licit', jiiokt d np all the broken pieces and carried 
them away.’ 


Karanli. 


DHSCRIPTION OF THU STONES. 


Description of specimens. 


As mentioned above, nine pieces were, received from Khanpur. 
The largest piece, No. I, Lad broken off into one large, and two small 

pieces, with sonte attendant fragments, whose 
respective weights arc shown in Table 2. Two 
views, which may be called the front and back views of the largest 
of these, is shown in Plate 1, figs. 1 and 2. The appearance of the 
smaller pieces, which fit exactly on to each other, is shown in Plate 5. 
Tn the largest piece, the crust is present over about three-quarters of 
the surface. A portion of the fiacturcd surface shows a greyish 
slickensided appearance. Several depressions and well-marked 
circular or oval pits, the lalter 2 to 3 mm. deep, are seen on the 
crusted surface. The crust is black and rather shining, and shows 
some minute discoutimious flow-lines. The crust is very thin, 
being only a fraction of a millimetre in thickness. 

Piece No. II is the most perfect in the collection in that it has the 
crust on nearly nine-tenths of the surface. The protruding edges 
had lost some fragments during postal transit. The piece is very 
irregular in shape and no indication can be found from the ill- 
developed flow-lines of the direction of flight of the stone. Two 
views of this stone are presented in Plate 2, figs. 1 and 2. 

The other pieces, numbered from 111 to IX, and XI, are all 
irregular and incomplete, as the crust is present only on about a 
half or less of the surface of each. Their general appearance can 
be gathered from Plates 3, 4 and 6. 

Piece No. XII, which is the largest in this collection, is shown in 
Plate 6, the three views being obtained by rotating the piece succ¬ 
essively through 120® round its vertical axis. 

The fractured surfaces are pale grey, nearly white. They are 
studded with golden yellow grains of troilite of different sizes, the 
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largest one measuring about 9 mm. across. No definite veins are 
to be seen. ITie mass, though compact looking, is rather soft 
and friable, a condition not improved by the bad packing in which 
the material was sent, to Calcutta. 

'Fwo of t.li(‘ Inolom fragments were utilised for preparing thin 

s<(;t.ioii8. A genei.il breeciab'd appearance is noticeable under 

... the microseope. Itadiating purphyritic and 

Mitroscopic dcstripUoii. , i t . 7, • i 

granular ehondri ar<j abundaut. Uesides some 

gla.ssy matter, the minerals recognisable are enstatite, olivine and 

troilite. 


The eiistatite makes up very finely fibrous, radiating ehondri. 

Most of these have* an eccentric structure {Plate 7, tig. 1) while some 

show the fibres in parallel orientation (Plate b, 
Hdstatite and ulivinc. i ^ i 

lig. 2). An enlarged eccentric enstatite chon- 

drns is seen in Plate 7, fig. 2. Tfic olivine generally occui’S in much 

coarser form. A porphyritic chondrus with idiomorphic crystals 

of olivine is .'^cen in Plate 8, fig. i. Much ol the granular material 

of sections is olivine, forming part of granular ehondri. 

A little Ilmdy crushed material, on immersion in suitable liquids, 

showed that the oliviue had a refractive index rangiug up to a 

iiiaximnm of 1-705, while enstatite had a niedimu value of about 

.1-085. Tliese values would point roughly to an olivine with about 

15 per cent, of h’eO and an enstatite with about 8 to 10 per ceut. of 

l<’eO. 


Troilite grains 


Troilite. 

a negative result. 


are interspersed with these. Tliey sometimes 
show a tendency to be streaky. A lew minute 
fragments, which were tested for nickel, gave 


Some glassy mateiial is present in the interstices ol the grains 
and fibres of olivine and enstatite. There is also some very finely 
crystalline material. 

As the pieces described here came from Khanpur and its neigh¬ 
bourhood, it is proposed to call them by the name of that village. 

They have been registered imder No. 290, 
tiabsifita meteorite, in the collections of the Geolog¬ 

ical Survey of India. In Jirczina's classificat¬ 
ion, the material is assigned to No. 16, Breccia-like Wliite Choudiite 
(Cwb). 


1 
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EXPLANATION OP PLATES. 

I’liATK I, Fio. I. T’icoc f ((jiadunjnir), front view. 

Kio. 2. [ (Ua<latn)ui‘), baek view. 

l’r-\Tl-;2. Fj(i. 1. I’iece 1[ (Kliaiipur), front view. 

f'KJ. 2. I’ieee (I (Ivliaupwr), buek view. 

J’f.ATK 2. l’ie<es III (Newatla), TV ((lOiTvIia) and V (Asinan Oliak). 

TMiATK 4. Pieec.s VI (Aiiladinir), VJl (Lauii) and VMJI ((Jaiui). 

I’latk 5. rieees I (I), e) ((kxdanjjur), IX (Mandai) and XI (KaraiiJi). 

Fl.ATii (J. 'I’lin'e \ lews of IMeec'XII, obtained by ndatinji it siuatessively tliroiigli 
120'' round its vedieal axis. 

PLATK 7, Fl(J. 1. Thin neclion 22,001) from Fietc' I, Hliowing breeciatt'd ap]x'arane(', 
i.nliatintj; cnstatite ehondii and granular olivine chondri. (X 
12 .) 

Fio. 2. An eeeentiie ladiating eiistatite ehondius in the same section. 
(X 32.) 

PliATK S, Fjo. ]. A pint ol thin .section 22,001), showing an exei'llent porphyritie 
olivine ehondrus near the eeutie. (X 10.) 
kio. 2. Thin .section 22.010 from i’ieei' IT, .sliowing finely fibrous enstatiti' 
ehondru.s with jiaralfel orientation (d the tibie.s. ( x l.T) 

3. A pait of sietion 22,010, showing a ladiuting olivine ehondru.s. 
(X 32.) 
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Recent Observations on the Cambrian Sequence of the 
Punjab Salt Range. By E. R. Gee, M.A. (Cantab.), 
F.G.S., Assistant Superintendent, Geological Swvey of 
India. (With Plates 9 to II.) 


INTRODUCTION. 


Ill tiio casteru 
(iciicral sequence. 


part- ul tlio (Jis-Jndus Salfi ilio strata, 

usually <>vorli(‘ Uk*. ^alt Marl iiuludo 
followinj/ - 


that 

thu 


Salt PsoudoTUorph beds. 
Magnesian 8ands(onps. 

Noobolus Shales. 

Purple Sandstones (at the base). 


Of these beds, the l^eol)olus Shales lia,v(', in tlu' })ast., proved f,o 
Ix’ fossiliferou.s, the fossils iueluding trilohiles, priniilive tyjM's of 

braehiopods, etc., of (hmf)ri;ni age.' On 

SuRKcstcil Cam- aceount of Ihe v('rv elose associ.ation of the 

brian urc of suife. , • tit ■ ' a i i if ^ ■ 

overlviu'’ iMaL’iu'siau hannslones and of cerfajii 

fos.^ils dis(;o\('r(‘d l)y Noetliiig, the latter were also jegaided as 

belonging to the (hndnian, and it has lasui suggested by certain 

writers who liave examined the arcai sid)s(‘quent to Mr. A. J->. Wynne's 

original survey, that both the underlying, unfossiliferous Purple 

Sandstones and the overlying Salt Pseudomorph beds, also, belong 

to this Cambrian suite. 

In addition, on the evidence of Wynne’s work, with important 
later additions by Mr. C. S. Middhuniss, it has Ix'en inf(*rrefl tliat 

this seqnene(* was sid)j(’(ded to erosion in j>re- 
Talchir (pre,-l'pper Carboniferous) times, result¬ 
ing in its gradual elimination west wards in the middle anrl wt'steju 
parts of the Cis-Indus Salt Range. The Salt Pseudomorph bed.s 
were supposed to have died out near Makraeh iO' : 72'^' 54'), 


l*rc-Tttlchir erosiun. 


^ Wynne, Mem. Geol. Svrr. Ind,, XJV, Art. 1, (1K78). MidclIoiniBK, Uic. (Jeol. tivrv, 
/wf., XXfV.rt. 1,(1891). RedUch,/Vg. Ind. {N.«w Sniii-s), Vol. I, Mem. 1 (1899). 
Walcott, Vri)C. ^Vas}l. Acad. Sci., VJI, pp. 2.51-2.'j('i, (liKjri). Noctling, Ilf-r. OeoL iSnrv. 
/r/rf., XXVll, p, 74, (1894). Veiacoe, Mem. Gtol. Hirr. Ivd., XL, id..*5, (1920). Box, 
Rec.Geol. Svrv. Ind.fUMfVi.i, (1928). Cotter, Mem. C'fol. Svrv. Ind., LV, Pt. 2, 
(1933). 
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tlic Magnoaiaii Saiiclatones near the Nilawahaii south of Nurpur 
40' : 72“ 25'), and the Ne()l)oliis Sliulcs around Katlia (32“ 31' : 
72° 25'), tlie Purple Handsfoin's heiu^ absent in flie western end of 
tlie Sail Range. 

Owrlyitig lliose various sfrata, the Taleliir hoiihh'r })ed was 
supposed to transgress, fairly regularly, westwards. In tlie eastern 

end of tlie Salt Range* it overlay the Salt 

TrarisKfcssion of Pseiidmnorph beds, between jMakrach and 
Takhir boulder bed. , t . i at • o , i. 

Katna it rested on the Magnesian Sandstones 

or the Noobolus Shale beds, west of Kadha it \va.s deposited directly 

on the Purple Sand.stones, and in the western end of the Range it 

transgressed on to the Salt Marl scries. 

The pre-Taleliir land-surfaei' of the Cis-lndiis Salt Range was, 
therefore, visualised as an ari'a of markedly n'guhir topography, 
only slightly alTeeted by ]) 0 .st-(lam])rian ('arth-mov(‘nients. Por those 
who favoured an early Cambrian or pre-(7imbrian age for the under¬ 
lying Salt Jdarl series, this feature w'as, very naturally, an imjiorlanl. 
one. 


PIJRPOSI: OP PAPPR. 


(n the present note, evidence throwing light on certain of the 

above-inenl-ioned h'ainres, is brought forward. This evidenee, which 

has aceuniulated during the course of the 

Lvidciiic a«.iiiiiiiila(cd geoh*gical survey of the Salt Range during the. 
duripR prcsciii survc'y. , , 

past live yeais, appears to jirove : - 


(i) The probable correctness of the a.saumption that the 
Magnesian Sandstones and oviirlying Salt Pseudo- 
morph beds are of Cambrian ago. 

(ii) The incorrectness of the assumption that the jire-Talchir 
laud-surface in the Cis-Indus Salt llange was an area 
of markedly regular topography. 

The evidence for these t^yo assertions is as follows ; 


KVIDENCE. 

The prc'Talchir Land=surfacc. 

Within several of the principal gorges that inf.ersect the Salt 
Range scarp and the plateau to the north in the middle portion of the 
Range {e.g., the Sardi, Nurpur and Katha gorges), the Talchir 
boulder bed, when traced northwards up these gorges, transgresses 
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on to lower horizons of the (y^ambiian sequence. Tliis unconforrauble 
transgression is hero, however, relatively gradual. 

Furtlier west around Warelia Matidi 20' oO" : 71" b7'), 

lioW('ver, lids northerly lra,n.sgressioii is more lupid. hi Ihe lower 
sear]> slopes, the Talehir houhh'r hed resls on (he Purple iSandslones, 
the latter being often over 200 b'et in IhieKm'ss, whilst not far to 
the north within the, middle scarp .slope's, where the scipienci' is 
re,peated by folding, fold-faulting or by thrusting, this late Palaeozoic 
boulder horizon in many instances directly ovejlics tin' »Salt Marl 
sorii's— the Purple >Sandstoni'S being abst'ut. 

Ev(m this ('videiice is, liowever, by no means as impressivi' as 
are certain featuii'S still further west near (hittidil 20' : 71" 

M') about five; miles north-west, of VVareha Mandi (Ihikhla) and 
again at Phhidru (Chideru) (:i2" 22/: 71" P/ ".O"). At these two 
places, important remnants of the (lambiian S('(|nence, (the Neobolus 
Shales, Afagnesiaii Sandstones and Salt bseiidomorpli beds) ha,ve 
bi'en discovered in the course of tiidd w«)rl< during the ])aht two yiars. 

Details of Caiiihriuii "hire details of these two Cambiian occur- 
octurrciiccs. retices are as follow's : 


(fi) The. ('hiltulll (ii'rn. 


On the right; side «)f tlie Dlnalha VValnin, 

laiiihriaii hcdsi near (hillitlil best 

Cfiittidil. includc's:- 


aiioiit i } mde;; iiorth- 
llmise, the ;c(juence 


{7'filcJrii honhhr hul- uTUonformable.) 

1, Salt Pt.rudoniori'h -typical red sliah's and Hags, ripfih'- 

marked and including some, eulie-sliaped ])seudomorphs, 
with pnrplo-grcy gypseous shales at. tlu* base; the seiif’S 
attains a local thickness of si'veral linmlred feel, 
d. Maqnetiiav Sandstoties —some massive;, liaid, eah'ai’eous and 
dolomitic sandstones with bands of puiqile-gre.y shale. 

2. Neobolus Shales —purplo-grcy shales and sandy shales with 

bands of hard, calcareous, glauconitic sandstone; the 
usual pebble bed occurs at the base. 

1. Par'plc Sandstone smes -massive, jointed, maroon, and sub¬ 
ordinate buff-coloured sandstones, with inai'oon shales 
and flags at the base ; total thi(;kij(‘ss at h'ast 2 .j 0 h'et. 
The Neobolus Shale and Magnesian Sandstone beds are together 
about 175 to 200 feet thick, that is, appreciably thinner than in the 
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('.\f renic oast of tlio Salt Kani'o. Tlio pnssa'io from 2 to 3, and 
from 3 fo !, is also imioli moro i^nnliial in tlioso (''liiflidil oxpos- 


nros. 

ll(“tw'o(‘n (/'hittidil and (lliliidru. iliat is, around Oolnwali (32” 
W .■)()"; 71” 51'), th ■ Noobolus Shalo : Maj^nosian Sandstone; Salt 
f*s(‘udomorph sof|ueno,o is absent, tlio 'raloliir bouldor bod roslin'j 
tliicolly on tlio Pui'jdo Sandstonos, 

In I ho lower scarp slopes about 11 miles bb S. M. of (Jhliidrn, 
however, those darnbrian beds recur looally. 


{h) The Ghlddru area. 

Cambrian beds near section in the. soutlicni brniioh of tin* 

Khanzaman iiorc;!! is as follows : - 

{Talchir hn dih r h<(l niarkcdlv nnoonforniablo.) 

I. ^al! Pficulaiaarph hrd'f -blood-rod, sjioMe.d lmcui, shales and 
fla.iis, absent in tin* ,ifor^(*-b('d. but thiolvonim' up tlu' 
north-western slopes to about '15 bs'l. Ih'low conns 
an altornatinii; serpicnee of fla.yuy calcaieoiis. ^^re.y-l^roon 
sa mist ones, purple-rod and on'iuiish shales and Hays, 
and jiurplo or('V' micaceous shales uiih dark ])urpl'‘-rod, 
and greenish shales and Mai's at I In' base. 'I’lie 
Ihiohnoss of those lower hods is about 100 h'ot. 

3. Magarsinu Saadstoitrs massive, jointed calcareous and '{ 
doloniitio, ^rey samlstones and (lays, altornat iny with 
])urple-yrey shales and sandy shales; total thickness 85 
to 90 feet. 

2. L\coba/as Shales -purplish yiey shales, micaceous .sandy shales 
and micaceous, yreenisli yrey, ylanconitic, sandstones 
alternating with suborflinate flays and hard, calcaroou.s 
sandstone bands. At the base occurs a three' to four-foot 
band of yellow and white, yrit terininatiny below in the 
t ypical -Nh'obolus Shale pebble bed. Total thii'kin'ss of tin; 
s('iies is about 105 feet. 

I. l*arple Snndstoae series similar to t.he more easterly out¬ 
crops, including a maroon .shah' and fl.iy /.one at tin; 
base ; total thickness of tin' series is about/ 350 feet. 

In this yorgc-section, the Talchir boulder bed is seen to trans- 
gres.s across the upper part of the Salt I’-seudomorph strata, so that 
although the blood-red shales crop out up the north-western slopes, 
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they ar(>, largcjly absent in and around the gorge b(id, the Talchir 
bouldfr'r bod ii'.sling directly on the lower horizons in the bed of tlie 
Haiti. This traiisgresoioii occurs within the space of a few linudreil 
yurils in a Tsi. W. tlirociion. Again, about tliree-ijuaib'rs of a 

luile south of this got^o, and about tlu‘ saim* distance (o tin* north of 
it, the Talchir boulder bed rests directly on the I’urph' Sandsl<)nes, 

I he fossilileious Caiobrian beds being absent. 

'I'Ik* t>ccurrence of lhes«' two ('xposures, including r(‘]n’esentativ('S 
of the (snnpletc (Auubriari se<|ucnce of the Salt Range at Chittidil 

Coinlusain * I'rc- (Ihhidni- indicates that the pre-Talchir 

Ttilchir laial'Stirfacc land-surface of the. Cis-Jndns Salt Itaiige, was 
irrciiiilar. definitely iniyulur in topography, and that the 

'lalchir transgjcssion was by no means so gradual a featuie as h;is 
b»;en previously su})])os('(l. 


CONTINlilTY OF CAMBRIAN SI-DIMENTATION. 

At. t'liittidil, trilobites and biaehiopods were found in tlie pui})le- 
gicy shales ol ilic Acobolus Slialc seiics, and in the similar shal<*s 

I'oshilh witliin ilic Alagnesian Sandstoiie 

Caiiiniiaii sc(|Ufiia‘ ni series not far below the Salt Pscudonioiph 
Chitlidil aiuJ Chiiitliu. |)eds 

At Chhkhu, a few similar brachiopods were obtained from Hk* 
]uirplc-giey shales of the Magnesian Sandstone s(*ries, and also from 
similar giey shales that occur within the basal portion ol the Salt 
J ‘seiidomoiph sequence. 

At least ."omc of these speeimens appear to be identical with 
certain of the Jscobolus Shale fossils that liave hern discoveieil by 

fossils identical wiili obseivcm in the main outciops of the 

certain Ntobolus Siinlc eastern parts of the Salt Range, 
fossils. 

Again, the whole sequence, from the Aleobolus Shales up into 
the Salt P.seudomoipli beds, is quite confotmablc, and although in 

Conformiibility of ea.steru portion of the Range, the three 

sequence. divisions—Meobolus Shales, Magne.sian Sand¬ 

stones and Salt Pscridomorph beds—can be distinguished fair]}' 
definitely on lithology alone, at Chittidil and at Chhidru this distinct¬ 
ion is less marked. At the latter places, the massive hard, calcareous 
and dolomitic sandstones of typical ‘ Magnesian Sandstone ’ type 
are far less prominent, and puiple-gioy, micaceous shales and flags, 
similar to those that pitdcminate in the Keobolus Shale series, 
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occur witliin the Mugnesiuu Sandstoucs and among the basal beds 
of tli<! Salt l^sciidoniorpli scries. 

'rijcief(>r(‘, on lilliology and the absence ol any disconformity 
n.l^nK', oru' inigtil/ well n'gard tlie tlu'ee divisiojis as parts of one 

C.tiiJimioii : c.iitiit- inntinnous si-qinnKa' ol Cumbrian sedimentation, 
iiitiis M-qiieiii'c of Caiiib- '^riiis (eatiue a])p('ar.s to be boiiU' out by the 
ri.iii M (liincnialioii. recent ly-diseo\ereil lossils of tlie eAposmes at 

(diittidil and Cliliidrii m tli«- middle-western portion of the Cis-Jndns 


Salt Range. 


RXPLANA'i lON Ol' l‘LA I RS. 


1*1.'.tp: !>. Kolfled (.'aintiiliin luds totininy the liglit hlo^ifs ot tho Dhodtui VValuin 
Salt, Llaiijff. 'l’l)r pliuleyiapli .-.hows llic (seijutaicc leiiieiiji; 
spur ti.O.');'') teol, ovi-i Inokiiig the Dliudlia AValiaii jiIkjuI' C. Tinles 
nerth l a-ii dt (tliillidil Itc sl Ifoiise (sfu i t. IJS I*/15). Salt Alnrl 
eiu])< out in and .uoiind the gorge lad. AI)ov<‘, tlie Lliick Oaiple 
Sarutstoiu; sc'iies forms stoop slop('.s ea. 2 )})t‘d hy tlio Ni oboliis Sliale- 
Atagnosian Sand..tone sliata. ddu- l.dlor toiin a sliarjj synolmo, 
wit liin ^\lii( li tile Salt I’.soinloniorpli I'cds ai'o iiioliided. 
in. Scarp slo[n s soutli-iMst oi ('Idiidi ii. Salt llangc. 

At tla- lia.sc ot llai .soarp to tlie .soutli c.isl oi ('hludni (slicet I’.S I’/ld),. 
in fh(' right half of tho jihotogiajih. S.dt Alarl eiops out around the 
ciili.inco to the Khan/aman gorge. Ahow, tho loner ohlls inoludo 
e.\po',utc,s of till famhnan hocl.s lolloucd hy mori' gentle slojies of 
Spi elvh'tl Saixisioni' strata. 'I’he < lills ot the iijipi r .slojies (in the 
right halt of the phofogiriph) aie eomposed tuainly of Middle Pro 
diie.tus Liuie.stone.s. 'J'hese heils, together with ovetlying Uppci 
I’roduetiis. d’lia.s.sie, thin Juras.sie and Siwalik strata, are thrown 
info a sharp synehne, the eastern limit of whic'h is conaidorahly 
sheared. Among the.se .sheart'd strata, the Middle Produotus 
I.imesioiKs an* again ex]jo.“ed aa jagged eliffs seen forming the 
ridge and peak at the top of the .searp in the middle of the photo¬ 
graph. 

Pn.xTRll. Tho (kimhiian-'J'ah hir houlder herl seipii iiee .south-east of (Ihhidru, 
Sa,lt Itaiigi. 

The eliil .si'etioii in the lower half of the photogiiiph shows Urn Cam- 
hrian siiiti' as exposoil in the rigiit-hand sloxies of tlic sonthern 
hraneh of the Klianzaman iiahi, about C miles south-east of Chhidru 
(.sheet .IS P/tl-). 

fn the lower slopes, the Purph* Saudstone.s crop out follo.ved alxivc 
hv tho Neohohis Shale and Alagnesian Sandstone strata. Salt 
F*.se lido morph hods overlie the latt<*r, the datk red idialos and flags 
being seen in the toj) of this scarp section. These rod shales die out 
to the dip, that is, dow n tho slopi;; towards the right-liand bottom 
corner of the ph«>tograj»h, heing overlapped by the Talchir boulder 
bed that rests unconformably upon them. 
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FIG. I PIECE I (GADANPUR), FRONT VIEW. 
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FIG, 2. PIECE I (GADANPUR), BACK VIEW. 
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C.I.OLOG/CAL SUKir.y OF /XDiA 



FIG. 1. PIECE II (KHANPUR), FRONT VIEW. FIG. 2. PIECE II (KHANPUR), BACK VIEW. 




GJlOLOGrCAL SUJilEY OF IXDIA 



PIECE III (NEWADA), IV iGORKHA) AND V (ASWAN CHAK). 



G.EOLOGICAL SURVRY OR RVZ)/A 



PIECES VI fAHLADPUR 






Gl.OI (X,ICA/ SCKIKY OF IXFIA 



PIECES I (6. Cl (GADANPUR), IX (MANDAI) AND XI (KARAULI). 
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P. L. Dutta, Pholoi. 


G, S, /., Calcutta, 


THREE VIEWS OF PIECE X!l (KAKRAPAR), OBTAINED BY ROTATING IT SUCCESSIVELY THROUGH 120’ 

AROUND ITS VERTICAL AXIS. 
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FIG. 1. SHOWING BRECCIATED APPEARANCE, RADIATING ENSTATITE 
CHONDRI AND GRANULAR OLIVINE CHONDRI. X 12. 



.S'. Krishndu iS' /’. A. Dutta,Photomicyos G. S. /., Calrutta. 

FIG 2. AN ECCENTRIC RADIATING ENSTATITE CHONDRUS IN THE 

SAME SECTION. X 32. 
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Cri;o/ OG/CAi. SL'/ii'Ey or imjA 



SCARP SLOPES SOUTH-EAST OF CHHIDRU. SALT RANGE 







G^EO/^Oa/CAL SURVEY OE E\EJA. 



THE CAMBRIAN-TALCHIR BOULDER BED SEQUENCE SOUTH-EAST OF CHHIDRU, SALT RANGE. 









